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Abstract 
In forensic anthropology, stature is one of four biological traits used in 
identification of individuals. The mathematical method is one of the more reliable 
methods to estimate stature. It encompasses displaying a correlation between a single 
or combination of bones with stature through regression equations. The major 
disadvantage is that these equations are highly population specific and cannot be 
used in Australia, which is a diverse and multicultural society. Thus, the aim of this 
project was to conduct a scoping review to systematically identify studies (from the 
last 50 years) exploring equations for stature estimation that are non-population 
specific. Scopus, Web of Science and Medline on Ovid were searched using the 
following key words: “stature estimation” OR “body height” OR “human 
identification” AND “long bones” or bones AND “regression”.  
This search produced 664 studies across selected databases and studies were 
selected in a structured approach. The studies that had addressed the inclusion 
criteria were then reviewed in full. Relevant information and regression equations 
that may be applied to estimate stature for diverse populations were extracted. 
Majority of the studies investigating stature were population specific, with studies 
conducted primarily in the Asia region. An increase in the use of computed 
tomography (CT) to obtain bone measurement was evident in many recent studies to 
estimate stature. Seven studies were identified with potential to applied to the diverse 
Australian population. Five from the Southern region of Africa, one based in Nigeria 
and a generic equation developed in Canada. These studies investigated equations 
using skeletal material that could be applied to diverse groups and were tested on a 
mixed population. The effectiveness of these identified equations need to be tested 
on the current Australian population. 
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Chapter 1 : Introduction 
 
1.1. Forensic Anthropology and its History 
The study of forensic anthropology consists of finding the cause of 
unexplained deaths through detailed investigation of human skeletal remains (Byers, 
2016). It is a sub-discipline of physical and biological anthropology. Forensic 
anthropologists employ their skills and knowledge of contemporary human 
variations in skeletal remains to assist in medico-legal associations to provide the 
identity of skeletal remains that are unknown. Forensic anthropology can be defined 
as the “application of anthropological method and theory to matters of legal concern, 
particularly those that relate to the recovery and analysis of the skeleton” 
(Christensen et al., 2013 p2). Four biological markers are analysed by forensic 
anthropologists to assist in the identification of individuals. These traits are race, 
sex, age and stature which constitutes the biological profile (Stewart, 1979). 
The commencement of forensic anthropology was marked in the United 
States and was practiced by anatomists with osteological knowledge that could 
apply expertise knowledge to provide thorough analysis of skeletal remains. 
Forensic anthropology was first practiced when George Parkman was murdered in 
1849 at Harvard University (Snow, 1982). Parkman’s body was mutilated by John 
Webster (Professor of Chemistry), scattered around the anatomy laboratory in a 
septic tank in the anatomy laboratory and burned Parkman’s head was burnt in a 
furnace. Oliver Wendell Holmes and Jeffries Wynman (Professors of Anatomy) at 
Harvard assisted in investigation of this suspicious death. Professor Holmes and 
Wynman were the first anatomists to testify in court using skeletal material. Webster 
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was found guilty of the murder by the anatomists testimony of the skeletal remains 
(Ubelaker, 2006).  
In the early 1900s, Thomas Dwight (Harvard Anatomy Professor) played a 
significant role in the development of forensic anthropology. This was as a result of 
Dwight’s revolutionary work on skeletal identification as he was the first to publish 
research in the field of forensic anthropology (Snow, 1982). Initially, Dwight’s 
research focused on anatomical variations. His interest in skeletal identification 
followed onto publications investigating various bone(s) such as cranial sutures, 
sternum, vertebrae and articular surfaces of long bones in identification and 
published many methods to estimate age, sex and race (Dwight, 1890a, Dwight 
1890b, Dwight,1905). From these bones, Dwight was the first researcher to 
demonstrate how to estimate stature from the vertebral column and also produced the 
first anatomical method to estimate stature (Dwight,1894).  
Another major contributor to forensic anthropology was Thomas Dale 
Stewart (Anthropologist), starting his career in 1927 in the Division of Physical 
Anthropology of the United States National Museum at the Smithsonian Institute. 
Stewart made significant contributions in the modern era of many areas of 
paleopathology, skeletal biology and physical anthropology (Douglas, 2006). His 
work at the Smithsonian consisted of detailed analysis of certain skeletal remains 
recovered from archaeological excavations, dental caries in Peru, separate neural 
arch and spondylolisthesis in Eskimo including other samples from America 
(Stewart, 1953). Other aspects of research included ossuary deformation, dental 
changes and anthropometry (Stewart, 1931, Stewart, 1940, Stewart, 1943).  
Towards mid-1900s, Stewart’s research interest grew to include forensic 
anthropological work. Stewart’s focus on identification of human skeletal remains 
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and FBI casework shaped Stewarts forensic interests. In addition to his research, 
Stewart held a role in the FBI Headquarters as a forensic anthropology consult, from 
which he realised the need to improve methodologies (Douglas, 2006). This highly 
influenced his extensive publications on forensic issues and gathering of data from 
identified individuals studied in a forensic setting, to develop existing 
methodologies.  
Examples of Stewart’s work involved age and race estimation, identification 
of cultural features on skeletal remains, age changes, human and non-human bone 
distinction (Stewart, 1959) and the impact of pathologies such as vertebral 
osteoarthritis in skeletal age identification (Stewart and Trotter, 1954, Stewart, 1957, 
McKern and Stewart, 1957, Stewart, 1962). In 1974, Stewart was elected as an 
honorary member of the American Academy of Forensic sciences. In conjunction 
with Stewart’s publications, research, heavy involvement in forensic organisations 
and casework, he became extremely prominent in the field of forensic anthropology 
(Ubelaker, 2000, Douglas, 2006).   
In 1939, Wilton M Krogman, another significant contributor to American 
forensic anthropology published a Guide to the Identification of Human Skeletal 
Material (İşcan, 1988). This publication highlighted all aspects of forensic 
anthropology including age, sex, race and stature. Krogman’s focus on research was 
based on the growth and development of anthropoid apes and children examples, and 
craniofacial growth pattern (Krogman, 1931, Krogman, 1951, Krogman, 1970, 
Krogman, 1975). 
His later research extended to include prehistoric human remains from many 
geographical locations such as Iraq, Turkey and Australia (Krogman, 1932, 
Krogman, 1940). Krogman was a prominent individual in the forensic anthropology 
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society, providing clarification on essential issues in forensic anthropology. In 1962, 
Krogman published his pioneering book The Human Skeleton in Forensic Medicine, 
widely utilised by individuals in the field of forensic anthropology (İşcan, 1988, 
Iscan and Steyn, 2013, Blau, 2016)  .  
1.2. Australia and Forensic Anthropology 
In comparison to the United States, the development and evolution of 
forensic anthropology in Australia has been limited. The delay in the development of 
Australian forensic anthropology could be due to factors such as low homicide rate, 
lack of population-specific skeletal collections, war dead not being repatriated and 
also ethical issues relating to the use of human remains (Donlon, 2008). However, it 
is essential that research focuses on the development of Australian standards and 
allows progress in the application of anthropological methods on contemporary 
populations.  For example, the development of Australian standards could allow 
quicker identification of victims in cases of homicide and natural disasters in 
particular bushfires, which are of regular occurrence in Australia (Blau and Briggs, 
2011).  
Like the United states, forensic anthropology in Australia is closely tied with 
anatomy and physical anthropology (Donlon, 2008). In the last 20 years, there has 
been significant developments in the discipline such as advances in academic 
education, training and professional forensic associations. Many early anatomists in 
Australia were closely linked to the work of forensic anthropology as analysis of 
skeletal remains were conducted by anatomists in addition to their anatomical 
profession. These anatomists had thorough osteological knowledge which is essential 
in skeletal remain analysis and forensic investigations (Blau, 2016). 
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Early practitioners were initially based within anatomy departments in universities 
across Australia. Many of these practitioners provided significant contributions to the 
field. Previously, law enforcement agents called upon selected anatomists to assist in 
identification and give opinion when remains were located at a scene. This chapter 
will discuss the initiation, development and present condition of forensic 
anthropology in each state around Australia.  
1.2.1.   New South Wales  
 
In New South Wales, Arthur Burkitt and Neil Macintosh (anatomy 
professors) at the University of Sydney were greatly involved in forensic 
anthropological work. Burkitt was significantly involved in the complex murder case 
of the “Pyjama girl”, one of the largest investigations in the history of Australian 
crime in 1934. Burkitt further analyzed the remains of the individual and provided 
opinion and reported on various skeletal features. Aside from the assistance Burkitt 
provided in forensic cases, much of his research focused on the physical structural 
variations of Australian Aboriginals such as facial musculature and differences in 
skull characteristics (Burkitt and Lightoller1 1923, Burkitt and Lightoller,1927). 
Neil Macintosh provided a substantial amount of revolutionary work in 
forensic anthropology in Australia. He applied his expertise knowledge and assisted 
in the identification and burial recovery of skeletal remains within the Criminal 
Investigation Bureau (CIB) between 1950-1970. Alongside with his involvement in 
the CIB, Macintosh provided expert advice and analysis to law enforcement agents 
and forensic pathologists with both skeletonized and decomposing remains at the 
Sydney Mortuary (Elkin, 1978).  
In the period between 1960-1970, two additional specialists in anatomy and 
anthropology, Len Freedman and Stan Larnach, assisted Macintosh in the analysis of 
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human remains. Macintosh, Freedman and Larnach’s primary research area focused 
on traits and characteristics in Aboriginal skeletal remains (Larnach and Macintosh, 
1970, Larnach and Macintosh, 1971, Macintosh, 1971). Freedman and Larnach 
(1964) also presented a method for sexing aboriginal crania (Larnach and Freedman, 
1964). During this period, investigating Australian Aboriginal skeletal remains was 
the highlight of research in Australia, with anthropologists around the globe visiting 
to examine Aboriginal skeletal remains and collections. Eugene Giles, an 
anthropologist from the United States (1976), investigated cranial variation of 
Aboriginal skeletal remains as well as surrounding areas (Giles, 1976).  
Australia also saw internationally recognized pioneer of forensic 
anthropology T. Dale Stewart from the Smithsonian Institute and Howells (Professor 
of Anthropology) from Harvard University visit in this period. The first direct 
reference to forensic anthropology in Australia was in 1972 at the Grafton Elliot 
Smith Centenary Celebration and first international recognition by American 
anthropologists Bill Bass and Diane France at the 1996 Australian and New Zealand 
Forensic Science Society (ANZFSS) meeting. 
Since 1995, Denise Donlon (Senior Lecturer) at the University of Sydney has 
held a position as a forensic anthropologist within the NSW Department of Forensic 
Medicine. Donlon has conducted significant amounts of research on the Australian 
Aboriginal populations. Her primary role consists of assisting the NSW coroner, 
police and NSW Department of Forensic Medicine with identification and recovery 
of human remains. Donlon is also involved in war dead recovery and disaster victim 
identification (Donlon,1990, Chiu and Donlon,2000, McDonald et al.,2007, 
Oxenham,2008).  
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1.2.2.  Queensland 
 
Identification of skeletal remains in relation to forensic cases throughout 
earlier periods between 1972-2001 in Queensland was conducted by Walter Wood 
(Senior Lecturer in Anatomy). Wood worked alongside with the Queensland 
Government Forensic Pathology Unit to assist in identification and analysis of 
unknown skeletal remains (Donlon, 2008). Like Macintosh and colleagues in New 
South Wales, Wood’s major focus point in research was the morphology of 
Australian Aboriginals remains primarily in the Queensland region (Wood, 1968, 
Freedman and Wood,1977, Smith et al., 1981, Elvery et al., 1998). Gradually, 
Wood’s research followed into forensic anthropology and explored methods of 
identification such as the use of the occipital bone for age-at-death estimation and 
other forensic aspects such as decomposition (Cool et al., 1995, MacGregor et al., 
1996).  Carl Stephan (Associate Professor in Anatomy) currently at the University of 
Queensland has worked with New South Wales and South Australia police in CCTV 
footage comparisons. Stephan and colleagues have published significant amounts of 
research on facial reconstruction and approximation (Bass and Reichs, 1998, Stephan 
and Henneberg, 2001, Stephan, 2002, Stephan, 2003, Stephan et al.,2003, Stephan 
and Simpson, 2008). 
Today, Donna Macgregor (Police Officer) is practicing forensic anthropology 
in Queensland (Donlon, 2016). Macgregor is based at the Queensland University of 
Technology and conducts modern research with the use of CT to apply to an 
Australian population (Lottering et al., 2013, Lottering et al., 2014, Lottering et al. 
2015). 
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1.2.3.  Victoria 
In Victoria, several academics based at the University of Melbourne 
throughout various periods were involved in assisting law enforcement agents with 
the identification of skeletal remains. At the University of Melbourne between 1893-
1945, Crawford Mollison (Medical Practitioner), Fredrick Wood-Jones (Professor of 
Anatomy) and Les Ray were involved in skeletal remain identification (Blau, 2016). 
In particular, Mollison was a coroner surgeon and lecturer in Anatomy and Forensic 
Medicine which allowed Mollison to work on high profile criminal cases such as the 
Deeming trial (1892), Gun Alley murder in (1922) and Leonski murders (1942) 
(Birrell, 1986). 
Following this, advice on forensic cases between 1970s to 1990s occurred as 
necessary by anatomists Geoff Kenny and Chris Briggs (Associate Professor), also 
based at the University of Melbourne. From 2005 to present, Soren Blau (Adjunct 
Senior Lecturer in Forensic Medicine) at Monash University is now currently a 
senior full-time forensic anthropologist at the Victorian Institute of Forensic 
Medicine (VIFM), one of the leading forensic facilities in Australia. Blau’s 
contribution to forensic anthropology and archaeology in Australia has been 
extensive and has demonstrated investigation of human right abuse through forensic 
anthropological evidence, detection and analysis of mass graves, use of CT data in 
trauma cases and Australian standards. 
1.2.4.  South Australia 
 
In South Australia (SA), early work of skeletal identification was undertaken 
by Fredrick Wood-Jones (Professor of Anatomy) also based at the University of 
Melbourne as well as physical anthropologist Arthur Andrew Abbie (1976). Since 
2002, forensic services have been provided by forensic anthropologist Ellie Simpson 
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who is affiliated with the University of Adelaide and provides services within the 
Forensic Science South Australia (FSSA) which is still running today. Macjej 
Henneberg (Professor of Anthropological and Comparative Anatomy) also based at 
the University of Adelaide has been involved in the analysis and identification of 
skeletal remains as well. Simpson has been highly involved in craniofacial 
identification, features of decomposition and trends seen in deaths through autopsies 
at FSSA (Byard et al., 2006a, Byard et a.,2006b, Byard et al.,2008, Stephan and 
Simpson,2008).  
1.2.5. Western Australia 
 
  Similar to other states across Australia, prior to the 1980s, much of the 
skeletal identification in Western Australia work was conducted by an academic with 
an anatomy background; David Allbrook (Professor of Anatomy) at the University of 
Western Australia. Leonard Freedman (Professor of Human Biology) also provided 
volunteer services to the Western Australia police, coroner and pathologists in 
forensic cases. Since the 1990s, Western Australia holds a full-time forensic 
anthropologist, Alanah Buck at the Department of Health’s PathWest Centre. Buck’s 
primary research focus is on identification of fragmentary, incinerated human 
remains and disaster victim identification (Pasveer et al.,1998, Buck et al.,2000, 
Hartley et al.,2011, Briggs and Buck,2016).  
1.2.6.  Northern Territory 
 
In the Northern Territory, a considerable amount of skeletal work consisted 
of differentiating between prehistoric and recent Aboriginal remains. In the early 
1970’s Alan Thorne (Anthropologist) located Aboriginal remains in Darwin during 
the construction of a Casino (Blau, 2016). Thorne’s research investigated the origins 
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of modern humans, particularly Indigenous Australians and had reconstructed 
remains known as “Mungo Lady” and “Mungo Man” which highlighted the presence 
of modern human in Australian pre-colonization (Bowler et al., 1972, Finkel, 1998).  
In recent times, Ken Mulvaney (Archaeologist) based at the University of Western 
Australia has been an Expert Advisor in relation to Aboriginal human remains to the 
Northern Territory Coroner. A significant component of Mulvaney’s work consists 
of Aboriginal culture, archaeology and rock art in which he conducted in many areas 
within the Northern Territory (Tacon et al.,2003, Ward et al., 2006, Mulvaney, 
2013).  
1.2.7. Australian Capital Territory 
  The Australian Commonwealth Territory (ACT) holds a small population, 
therefore, has a decreased need for forensic anthropologists. Previously, Alan Thorne 
provided assistance and consultation to law enforcement agencies (Donlon, 2008). 
Marc Oxenham (Professor of Bioarcheology) based at the Australian National 
University in ACT has been heavily involved in recovery and identification of War 
Casualties Army and has undertaken archaeological and bio anthropological research 
around the world (Oxenham et al.,2005, Oxenham et al., 2013, Matsumura and 
Oxenham, 2014). Oxenham’s secondary area of research involves the estimation of 
time since death particularly in Australian conditions (Fitzgerald and Oxenham, 
2009). He has also provided opinion, forensic anthropological and archaeological 
reports to various local and federal law enforcement agencies. 
1.2.8. Tasmania  
Similar to the other states around Australia, much of the research in Tasmania 
involved detailed descriptions of Aboriginal skeletons. Macintosh and Barker (1965) 
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examined the osteological characteristics of Aboriginal skeletons in Tasmania 
(Macintosh and Barker, 1965). In 1979, Wallace and Stockton (1979) published 
research based on Aboriginal skeletal remains excavated, identified by erosion in 
Coningham, Tasmania. The authors provided detailed descriptions on the 
morphological features of the skull identified individuals (Wallace and Stockton, 
1979).  Tasmania, the smallest state of Australia previously did not hold a forensic 
anthropologist. This could be due to the small population residing in Tasmania (Blau, 
2016). As of 2007, Anne-Marie Williams housed in the Department of Health and 
Human Services reports to the Director (Statewide Forensic Medical Services) in 
forensic cases. 
1.3. Forensic organizations 
 
A significant step forward in the history of forensic anthropology was the 
involvement of forensic anthropologists at professional conferences. There are now 
several forensic science organizations that support forensic research including 
forensic anthropology. The initialization of these organizations grew steady in the 
1990s with the formation of the Australian Academy of Forensic Science (AAFS) in 
1967. Soon after, the Australian and New Zealand Forensic Science Society 
(ANZFSS) formed in 1971 with New Zealand joining in 1988 (Roux, 2016). The 
Australasian Society for Human Biology (ASHB) formed in 1987 and comprises 
individuals from the Australasian region including Australia, New Zealand, Papua 
New Guinea, Indonesia, and surrounding Indian and Pacific Ocean countries (Ashb, 
2018). The National Institute of Forensic Science (NIFS) was established in 1992, 
like ANZFSS in 2008 NIFS was associated with New Zealand through the Australia 
New Zealand Policing Advisory and thus became identified as ANZPAA NIFS 
(Wilson-Wilde, 2017). 
 Chapter 1: Introduction | Kajaal Prasad 
12 
 
These professional organizations provide support and allow researchers and 
academics to present, discuss and highlight modern research in many aspects of 
forensic science. The occurrence of such organizations enable individuals in the field 
of forensic science to collaborate and highlight the gaps in research such as 
Australian standards in forensic anthropology. 
1.3.1.  Accreditation and education in Forensic Anthropology 
 
Forensic anthropology has been widely acknowledged in many nations such 
as Europe and America with the growth of many training programs and facilities. In 
Australia, the recognition of forensic anthropology as a whole has been scarce and 
indefinite (Mallett and Evison, 2017). It is only recently that forensic anthropology 
courses have been offered in universities around Australia. The University of 
Western Australia offers a specific Masters of Forensic Anthropology degree. In 
many universities around Australia forensic anthropology is only a unit offered in a 
broad forensic science degree (Blau, 2016). 
This reflects the view of forensic anthropology as a widespread field and 
questions whether forensic anthropology holds significance as its own discipline. 
Another question is the accreditation of forensic anthropologists in Australia. 
Currently no accreditation process is held in place for individuals or “forensic 
anthropologists” in training (Blau, 2016). This “grey” area of accreditation in 
forensic anthropology in Australia is highlighted when looking at the employed 
forensic anthropologists today, all individuals hold distinct training and educational 
experiences with no professional accreditation. In comparison to the US, the 
American Board of Forensic Anthropology provided opportunities for forensic 
anthropology accreditation since 1977 (Bass and Reichs, 1998). 
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This in turn reflects the breadth and allows the roles and regulations of a forensic 
anthropologist in an Australian setting to remain at discussion. 
1.4. Diversity of Australia 
Australia has a rich history which plays a key role in the makeup of 
Australia’s diverse population today. The diversity of the current population creates a 
huge impact on the methods used for identification in forensic anthropology. 
Therefore, elevated diversity of the Australian population heavily influences the 
needs for Australian standards for estimating biological traits of sex, age, race and 
stature. This section will discuss the history and migration influences in Australia, as 
well as the implications of increased populations and diversity in forensic 
anthropology. 
The history of Australia between 1788-1850 consists of the early colonial 
period. European settlement began in 1788 when the first fleet arrived and a penal 
colony was established. Prior to the colonisation of Australia, Aborigines occupied 
the land for numerous years (Mulvaney, 1966). This European colonisation resulted 
in a devastating effect to the pre-existing Indigenous population, such as the 
introduction of infectious diseases and competition over resources. Between 1790-
1791 the Second and Third Fleet of convicts arrived to Australia. This resulted in an 
increased number of European individuals and declining numbers of Aborigines 
(Roberts, 1969).  
In 1851, the arrival of immigrants from around the globe was pronounced due 
to the discovery of gold; known as the Gold Rush Era. By 1901, the Immigration 
Restriction Act 1901 was put into place to apply restrictions to non-European 
immigrants and remove prohibited immigrants. This period was known as “White 
Australia”. This policy also allowed deportation of individuals who had settled in 
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Australian colonies before federation (Tavan, 2005). During World War II, many 
non-European refugees arrived in Australia. Following World War II, the application 
of the White Australia policy declined allowing more non-European immigrants into 
the country. 
The abolition of the “White Australia policy” and the establishment of the 
Migrant Act 1966 was a significant step forward in the history of Australia. This new 
legislation recognised equality and fairness between the European, non-European 
and British migrating to Australia. These changes in Australia’s policies played a 
significant role in the formation of the current multicultural society present today 
(Meaney, 1995). Today, Australia is a highly diverse society, with individuals 
migrating from all over the globe which is evident in the Australian migration 
statistics below. 
1.4.1. Australian migration statistics 
The census 2011 displays that 26% of Australians were born overseas with a 
further 20% having one or both parents born overseas. Compared to other countries, 
these percentages are the highest in the developed world. In Australia, there is 
approximately 260 various languages spoken and a variety of religions practiced. 
This itself reveals the diverse nature of Australia to date. Alongside with New 
Zealand, Canada and the USA, Australia stands as one of the world’s major 
immigration nations (Jacobs, 2016). 
The Australian population is ever growing with over 7.5 million individuals 
settling in Australia with statistics of June 2015 reflecting internationally born 
populations making up approximately 28.2% of the population in Australia. When 
compared to other countries, the percentages are significantly amplified (Australia, 
2017). According to the Australian Bureau of Statistics (ABS) in the last few years 
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between 2015-16, the net overseas migration annually reflected a total increase of 
182,165 individuals which is 3% or 5,300 more than the previous year. In June 2016, 
28.5% (6.9 million people) of Australia’s population was estimated to be overseas 
born (Government, 2017). Historical migration statistics reflect the overall migration 
statistics from 1945 to the present day. There has been a steady increase of the 
population in Australia with individuals migrating from various regions of the world 
including the Oceania & Antarctica, Europe, North African & Middle East, South 
East Asian, North East Asia, Southern Asia, Central Asia, North, South & Central 
America, the Caribbean and Sub-Saharan Africa (Table 1.1) (Affairs, 2017).      
Historical migration statistics from the Australian Government, Department 
of Human Affairs show a total of 3,266,101 individuals migrating from the regions 
stated above to Australia between 1996-2015. In 1996 a total of 104,991 individuals 
had migrated in the single year alone. In comparison, the Australian Demographic 
statistics from ABS in June 2017, almost 10 years later reflect the highest ever levels 
of net migration of 245,000 individuals into Australia (Figure 1.1), which is a growth 
of 27% from the previous year 2015-2016. In 2017, all the states and territories 
around Australia documented an increase in the number of migrants in comparison to 
the previous year (Statistics, 2017).  
Table 1.1: Birth country of migrants in Australia between 1996-2015
Country of Birth Number of Individuals
Oceania & Antartica 512,442
Europe 653,628
North Africa & Middle East 202,443
South East Asia 459,093
North East Asia 498,584
Southern & Central Asia 528,510
North America 44,332
South America, Central America &               
The Carribean 85,102
Sub-Saharan African 246,201  
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In summary, in June 2017, Australia’s population increased by 388,100 (1.6%) 
individuals to predicting the population to reach a total of 24.6-million-month 
ending. Australia’s population is rapidly increasing, quicker than neighbouring 
countries and major Organization for Economic Co-operation and Development 
(OCED) countries (Statistics, 2017). It is evident that the contemporary Australian 
population to date is extremely diverse in nature, significantly representing the globe 
in one nation.  
 Figure 1.1. Comparison of the increase of migrants in Australia over the last 10 years 
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Chapter 2: Stature Estimation in Forensic Anthropology 
 
2.1 Stature estimation 
Stature estimation is one of the four biological characteristics that assists law 
enforcement agents in the investigation of providing a match between a missing 
individual and skeletal remains (Byers, 2016). Early methods of stature estimation 
show re-articulation of the skeleton to estimate stature. Nonetheless, later work has 
displayed a strong correlation between an individual’s living height, bone(s) and 
bone segments. This correlation then led to the production of formulae and statural 
tables that allow stature to be estimated by given equations and bone(s) (Manouvrier 
and Paris,1892, Byers, 2016). Many aspects of the skeleton, even body elements such 
as handprints and footprints have been studied in this method, with substantial 
amount of research surrounding stature estimation within specific populations in 
forensic anthropology. 
The various types of stature and methods of estimating stature will be 
discussed in detail in the following sections i) living stature ii) forensic stature iii) 
cadaveric stature, followed by a literature review of stature estimation.  
2.1.1 Living stature 
 
Living stature refers to the exact stature of a living individual standing in a 
standardised position and measured by calibrated equipment such as a stadiometer or 
anthropometer (Cardoso et al., 2016). The living stature of an individual varies day 
to day due to diurnal variation in humans, this means that in the morning hours an 
individual is at their maximal stature and decreases further by 1.5-3 cm in the 
evening. A greater decrease in proportion of stature occurs due to the reduction of 
elasticity of the intervertebral discs (Krishan et al., 2012). Overall, living stature 
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varies over an individual’s lifetime due to cartilage deterioration and joint 
compression (Cardoso et al., 2016).  
2.1.2 Forensic stature 
 
Forensic stature is known as the stature of an individual that is stated on 
official government documents including driving licences, passports and proof of 
identity cards. Although forensic stature is similar to living stature, there may be 
significant variations in the method of measuring stature (Ousley, 1995). In some 
cases, forensic stature presented on documents is measured, while in others it is self-
reported. In living stature, precise calibrated equipment is used, whereas forensic 
stature found on documents may not be measured in a standardised manner with 
equipment that may also not be calibrated correctly (Cardoso et al., 2016).  
The major concern of forensic stature is that in many cases, self-reported 
stature is presented on identification cards which may not match true stature of an 
individual (Cardoso et al., 2016). In many cases, stature reported by individuals tend 
to be overestimated. In forensic investigations, relatives may also report an 
individual’s stature in missing person’s report. Like self-reported stature, stature 
reported by family will have discrepancies with measured stature (Ousley, 1995). 
2.1.3 Cadaveric stature 
 
Cadaveric stature is described as the length of a cadaver in a supine position 
usually taken prior to autopsy. Cadaveric stature is often used by researchers as a 
means to recreate living stature of individuals. In cadaveric stature, there is a 
flattening in the lying position of the spinal curvature. This is due to possible joint 
decompression as well as loss of muscle tone which causes irregular settling of body 
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parts and increases tendencies of limbs to fall into atypical positions. (Cardoso et al., 
2016). 
2.2 Methods to estimate stature 
  
At present, there are two methods to estimate stature: the anatomical method 
and the mathematical method.  
 2.2.1 Anatomical method 
The anatomical method involves the reconstruction stature through the 
summed heights of all the bones which provide a direct reconstruction of stature. In 
this method, the skeletal elements that are used include the skull, vertebrae, long 
bones of the lower limb and foot bones. The addition of a correction factor is applied 
for soft tissue (Chibba and Bidmos, 2007).  
The anatomical method was first introduced by Dwight in 1894. Dwight’s 
approach included the positioning of the skeleton (skull, vertebral column and lower 
limbs) in anatomical position, with the use of clay as a proxy for soft tissue. Dwight 
then measured the individual and further suggested a length of 32mm to compensate 
for soft tissue between bones (Dwight, 1894, Lundy, 1985). 
In 1956, Fully approached Dwight’s method from a somewhat altered 
perspective. Fully worked with a sample of 50 French soldiers. Each skeletal element 
including cranial height, vertebral height from the second to the first sacral vertebrae, 
bicondylar femoral length, maximum tibial length (excluding eminences) and the 
articulated height of calcaneus and talus was measured individually. The skeletal 
height was obtained by summing the measurements and adding a soft tissue 
correction factor to estimate living stature. Total skeletal height (TSH) refers to the 
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estimation of skeletal height, which is completed through the method outlined by 
Fully (1956), without the addition of correction factor for soft tissue (Fully, 1956).  
Fully (1956) calculated soft tissue correction factor by subtracting the average living 
stature of the sample from the average skeletal height. This calculation produced an 
average difference of 10.5 cm which was assessed to be the estimate for soft tissue of 
an individual of average stature. For individual who displayed other extremes of 
height (short and tall) soft tissue factors of 10 cm and 11.5 cm were recommended 
(Fully, 1956, Lundy, 1985). 
2.2.2.  Mathematical methods 
The mathematical method demonstrates the correlation between the length of 
a bone(s) and stature, this reflects a linear relationship between the bone and stature 
(Siegel and Saukko, 2012). This is achieved through the use of statural tables, bone 
length and regression formulae either simple or multivariate regression. In simple 
regression, stature is estimated based on one bone measurement whereas multivariate 
regression is an estimator in which stature is estimated through a combination of 
bone measurements and variance factors concurrently (Byard and Payne-James, 
2015). To estimate stature using the mathematical method, the length of the chosen 
bone(s) is inserted into an equation, which is selected based on the individual’s race 
and sex. 
Within the regression theory, the independent and dependent variables are fit 
to the equation of a line:  
y=mx + b 
Stature or the independent variable is y, the slope of the regression line is m, 
bone length is presented by x and the intercept of the regression line is b. Positive 
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and close correlation between these variables will display data plotted along a line. 
The best estimation of the conditional mean for the dependent variable consistent to 
each independent variable is observed through the regression line (DiGangi and 
Moore, 2012). Standard deviation is used in the regression theory for long bones and 
coefficients of correlation between stature and long bones (Steele and McKern, 
1969). 
An example of a regression equation using metatarsal lengths in a Portuguese 
population (Cordeiro et al., 2009) is outlined below: 
 
Stature = 865.335 + 12.317(Metatarsal1) 
 
If a partial skeletal of a Portuguese individual was found with a metatarsal of 
60 mm, stature can be calculated using the above simple regression equation. 
 
Stature = 865.335 + 12.317(60) = 1604 mm (160.4 cm) 
 
This means that the total skeletal height of the individual is 160.4 cm. Three 
sources of error are present as regression equations are based on samples. The first 
value of 865.335 in the equation reflects the intercept, if for some reason the sample 
included all individuals with long feet in comparison to their height, the intercept 
may be smaller than the equation. The slope of the regression line is highlighted by 
the value of 12.317, this is also one estimate of any sum of slopes (Cordeiro et al., 
2009, Byers, 2016). Using the example of long footed individuals, the presented 
slope would be less than that of a sample consisting of average-footed individuals. 
Thirdly, the standard error of estimate (SEE) of the approximated values is an 
expression of the amount of scatter points around the regression line. When looking 
 Chapter 2: Stature Estimation in Forensic Anthropology | Kajaal Prasad 
22 
 
at the SEE produced by regression equations, a lower value suggests higher accuracy 
and correlation between bone(s) and stature (Byers, 2016). 
Generally, long bones such as the femur or tibia are considered the most 
accurate estimators of stature as they contribute to the largest proportion of living 
height (Lundy, 1985). However, other bones have previously been used to estimate 
stature using this method. Certain equations will estimate total skeletal height, while 
others will estimate living stature. The accuracy of produced stature estimation is 
also based on whether ageing and soft tissue correction factors were taken into 
consideration in the equation (Bidmos and Manger, 2012). 
2.3. Literature review  
 
In 1889, Rollet was the first to investigate the correlation between bone 
length and stature. Rollet’s dataset consisted of 100 individuals, 50 males and 50 
female cadavers and provided the tables where stature could be looked up from long 
bone length (Rollet, 1888). Rollet’s data was then revaluated by Manouvrier from 
which he excluded individuals over the age of 60 years. Manouvrier also stated that 
the subtraction of 2 cm should be applied from statures that were acquired from 
cadavers to produce estimated living stature, as there is a loss of stature evident with 
age due to compression of soft tissue (Manouvrier and Paris, 1892). 
In 1899, Pearson produced the first formal statural tables and regression formulae 
with the use of Rollet’s data for estimating living stature from long limb bones. 
Pearson also highlighted the necessity to utilize regression equations within the 
population it was derived for (Pearson, 1899).  
Dupertuis and Hadden published regression equations in 1951 for stature 
estimation within American Negroes and Whites and included a number of “general” 
equations that could be applied to other populations (Dupertuis and Hadden, 1951). 
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Following this, in 1952 Trotter and Gleser published a set of equations to estimate 
stature for American Negroes, Whites and Mongoloids (Trotter and Gleser, 1952), 
probably one of the most ground-breaking research conducted in stature estimation.    
In comparison to the small dataset of previous studies, Trotter and Glesers study 
comprised of a large sample primarily of 5027 male soldiers from World War II and 
the Korean War. Another positive aspect of this study was that reliable living and 
cadaveric stature was obtained for the samples. There was great uniformity and 
accuracy presented in the measurement of the individuals. A sample of 855 
individuals were also included from the Terry Collection, which consists of 
unclaimed bodies (Trotter and Gleser, 1952, Hunt and Albanese, 2005). 
Trotter and Gleser measured the maximum length of the humerus, radius, 
ulna, femur and tibia on all subjects to calculate the mean of each pair. The bone 
lengths were then plotted with consistent stature measurements to determine a best fit 
and observe the correlation between bone and stature. This resulted in the production 
of stature estimation equations for American White males and females, American 
Black females, American Mongoloid and Hispanic males. Standard deviations were 
presented with the regression equation, which displayed slight discrepancies between 
bone and sub-group. However, Trotter and Gleser (1952) noted that bones of the 
lower limb revealed greater correlation with stature than upper limb bones. This 
study also highlighted the effects of ageing on stature and discovered that a decrease 
in stature is evident from 30 years of age, 0.06 cm on average per year (Trotter and 
Gleser, 1952, Trotter and Gleser, 1958). 
An advantage of the mathematical method is that a single bone can be used to 
estimate stature; this method is valuable when skeletal remains found in forensic 
cases are mutilated and when bones are missing from the remains. A disadvantage, 
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however, is that regression equations are population specific. To estimate an 
individual’s stature their ancestral background must be known. Population variability 
due to environmental and socioeconomic factors such as exposure to poor health and 
nutrition is another aspect as to why one stature estimation equation cannot be 
applicable to several populations. This is because the growth process is affected, 
therefore, not reaching maximal genetic potential. Stature estimation equations are 
both population and sex specific, in turn increasing concern for multicultural 
populations (Dayal et al., 2008). 
Many of the regression equations produced in earlier studies conducted in 
stature estimation are based on old skeletal collections such as the Terry. J Collection 
and are race specific such as the study by Trotter and Gleser (Trotter and Gleser, 
1952). A factor limiting the application of these older skeletal collections to the 
modern population is secular trends and increased diversity. Secular trends in 
populations refer to the increase or decrease in size over a period of time (Palenik et 
al., 2000). For example, in contemporary individuals there is a variation in the 
correlation between bone length and living height when compared to older skeletal 
collections (Jantz and Jantz, 1999). Due to secular trends, the application of such 
historical skeletal collections and outdated regression equations to investigate diverse 
modern populations is not ideal (Krishan, 2016). 
Subsequent research (Torimitsu et al., 2016) has revealed that the specified 
stature estimation regression equations are not applicable to other groups outside the 
selected population due to the elevation of error of estimation in stature (Genoves, 
1967). In recent years, there has, been an increase in the number of studies that utilize 
the mathematical method in the estimation of stature using various skeletal and body 
elements such as the sternum, handprints, footprints and facial analysis 
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(Krishan,2008, Menezes et al.,2011, Paulis,2015, Ahmed and Taha, 2016). For 
example, researchers such as Shrestha et al. (2015) and Tu et al. (2016) investigated 
the usefulness of craniometrics analysis as a means for stature estimation, amongst 
Nepalese individuals and Southwest Han male populations respectively (Shrestha et 
al., 2015, Tu et al., 2016). 
  In 2017, researchers are still investigating specific populations to produce 
regression equations to estimate stature. For example, Zhang et al. (2017) looked 
at stature and sex determination from calcaneal lengths in a Chinese population 
(Zhang et al., 2017). While Ravikanth et al. (2017) conducted a study on 50 males 
and 50 females from an Indian population by measuring ulna and tibial lengths via 
x-rays to reconstruct stature of these 100 individuals. Ravikanth and co-authors are 
one of the first groups to incorporate measurements on bones from x-rays to 
estimate stature in India (Ravikanth et al., 2017). Even with the increase of body 
elements and methods of bone measurements such as x-rays and computed 
tomography (CT) being used to estimate stature, the regression equations produced 
by researchers have not gravitated away from population specific equations 
(Torimitsu et al., 2015, Giurazza et al., 2012) .   
2.4 Implications for forensic anthropology in Australia 
Although the acceptance of numerous cultural backgrounds into Australia has 
been a relatively positive aspect in Australian history, the implications of the 
diversity given the current population statistics have raised issues in the application 
of forensic anthropological methods. It is clearly evident that Australia’s population 
is rapidly growing and becoming more diverse than ever, which results in increased 
intercultural relations, further increasing population diversity. As discussed in the 
literature review, many equations in the mathematical methods to estimate stature are 
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population specific.  Which means the application of exact equations can only be 
applied to specific populations to produce accurate results to assist in skeletal 
identification (Byers, 2016). 
To date, there are only a handful of regression equations that can be applied 
to the multicultural population, such as in Australia. In Western Australia, Hemy et 
al. (2012) investigated the usefulness of measurements from hands and handprints 
and Hemy et al. (2013) examined the feet and footprints as an estimator for stature 
specifically for the Western Australian population group (Ishak et al., 2012, Hemy et 
al., 2013). The issue with using handprints and footprints is the lack of skeletal 
elements involved, which follows onto the issue of when skeletal remains are found 
in forensic cases, such methods utilizing handprints and footprints cannot be applied 
to estimate stature. 
The lack of equations available for diverse population using skeletal elements 
rises issues such as prolonged identification in forensic cases.  For example, in 2010 
skeletal remains were found in Belanglo State Forest, NSW, Australia.   This 
individual remained unidentified for five years with no other information other than 
an estimate of sex and age (Mallet and Evison, 2017).   
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Chapter 3 : Skeletal Collections 
 
Skeletal collections are a significant database in the study of forensic 
anthropology and provides a foundation for forensic research and training. As the 
name suggests, a skeletal collection is an assemblage of skeletal material (complete 
and incomplete skeletons) and provide resources for researchers to collect data, 
develop methodologies and also allow validation for methods that can be applied in 
real-life forensic situations (Christensen et al., 2013). This chapter will discuss the 
significance of skeletal collections in forensic anthropology. 
3.1 Skeletal Collections 
 
The process of acquisition of skeletal material, assemblage, location and 
composition of skeletal collections in the Southern regions of Africa and Northern 
America will be outlined in this subchapter. These two regions have been selected, as 
the majority of skeleton collections that stature estimation have been investigated 
from, are within these regions. There are two collections in South Africa, Pretoria 
Bone collection and the Raymond A. Dart Collection. In North America there are 
two significant collections, the Robert J. Terry Anatomical Collection and the 
George. S. Huntington Anatomical Collection are housed within the Smithsonian 
Institute, National Museum of Natural History. The Smithsonian Institute is a facility 
that consists of museums and research complexes. A forensic anthropology 
department is also a part of the Smithsonian Institute where anthropologists provide 
consultation and forensic work to build a biological profile and determine human 
from non-human (Ubelaker, 2000). 
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Other collections in North America are the Hamann-Todd Collection, George 
Huntington Anatomical Collection, Robert. J Terry Collection, Maxwell Museum 
Documented Collection, William Bass Donated Skeletal Collection. 
The composition and documentation of human skeletal remains are highly variable in 
skeletal collections. Ideally, forensic anthropologists are interested in investigating 
estimation methods to build an accurate biological profile and require large 
collections of skeletal material that is well preserved with accurate data provided 
about the individual. Many documented skeletal collections include known 
individuals with documented information such as age, sex, race, stature, pathology 
history and sometimes even life history (Moore and Ross, 2013).  
Many equations from the mathematical method to estimate stature are based 
on skeletal collections from around the world (Trotter and Gleser, 1952, Byers et al., 
1989). There are numerous museums and institutions around the world such as in 
Japan, Spain, Scotland, United States and South Africa that hold skeletal collections 
where forensic anthropologists conduct research to develop estimation criteria and 
methods, as well as to develop teaching methods (Ubelaker, 2014). 
3.1.1 Obtaining cadavers & ethical issues  
 
As highlighted previously in chapter one, the development of forensic 
anthropology is closely tied with anatomy. Similarly, the development of early 
skeletal collections was heavily tied with anatomy departments in many institutions. 
The skeletal remains included in many collections represent the cadaveric specimens 
which were used for soft tissue dissection in medical schools, then skeletonized and 
included into collections (Muller et al., 2017). The cadaveric material utilized in 
anatomy facilities were obtained through a range of methods such as self-donation 
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through programs set through institutes, unclaimed bodies from hospitals, autopsies 
and previously, body snatching.  
The term “body snatching” refers to the illicit removal of corpses from 
graves, cemeteries or other burial sites. Historically, body snatching from graves 
were as a result of the increased demand for cadaveric dissection in American 
medical schools in the late 18th century  (Jones and Whitaker, 2009). Legally, at the 
time only bodies of executed criminals were to be utilized for dissection, however to 
overcome the demand; body snatching began. There were three key drives to body 
snatching, one was for educational purposes for students; inclusion in skeletal 
collections to build inventory and finally income as individuals would receive money 
in turn for cadavers (Highet, 2005).  
In the USA, African-Americans and the poor were more susceptible to body 
snatching. These individuals were seen as “lower class” and the disappearance of 
such bodies were therefore less noticeable to the middle and upper class individuals. 
This unethical practice was also being conducted in other parts of the world such as 
Canada, England, Scotland, Britain and Greece (Wise, 2005, Halperin, 2007, Ross 
and Ross, 1979).  
Nonetheless, there was a huge outrage in communities regarding body 
snatching from graves, leaving grieving families with the fear of their loved one’s 
grave being robbed. The unethical acts of body snatching forced many individuals to 
protect grave sites by guarding new grave sites and also adding iron cages. As a 
result of the publics outcry, legislations were put into place for safe practice of 
cadaver acquisition for medical purposes (Halperin, 2007). The first country to 
introduce an Anatomy Act was England in 1832 followed by New York in 1854 to 
legally allow the use of unclaimed bodies for dissection. Soon after that many states 
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followed with the addition of Anatomy Acts (Forbes, 1898, Jones and Whitaker, 
2012). The new legislations that were set unfortunately did not alter the situation of 
body snatching (Highet, 2005). 
In the US, the Uniform Anatomical Gift Act (UAGA) was passed in 1968 and 
further revised in 1987 and 2006. This act set a framework for the donation and 
handling of organs, tissues and other aspects of the human body. The UAGA was to 
assist in ethical practices to the use of cadaver and parts of the human body and 
regulate donations by individuals willing to provide to science and medicine 
(Martinez, 2013). In many countries including Australia, such anatomy acts have 
been put in place in which all institutions must comply with. Specifically looking at 
New South Wales (NSW) , the Anatomy Act (1977) (Government, 2012) is to be 
followed by all individuals handling human remains in NSW. The key method today 
to obtain cadaveric material is through body donation programs which allows ethical 
and respectful practices in science and medicine. 
3.1.1.1 Process of collection  
 
A uniform protocol was established by Robert J. Terry in collecting, 
cataloguing, maceration and storage of skeletal remains in the late 20th century. 
The process of preparing bone for collections was described by Hunt and Albanese 
(2005). Firstly, maceration was conducted which consists of removing soft tissue off 
bone as much as possible while preserving bone structure. The bones were then 
soaked in hot water for 72 hours prior to brushing and then drying. In a cotton glove, 
each hand and foot were placed and each digit of the hand was fit into an appropriate 
sleeve of the glove and tied at the end. The second process in the skeletonization 
protocol is the removal of some fats, this was achieved by exposing bone to benzene 
vapours; this process is known as degreasing. After this the bones are ready to 
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catalogue and add to the skeletal collection (Hunt and Albanese, 2005). A similar 
process of skeletisation is generally followed in South Africa, particularly the 
Raymond A. Dart Collection (Dayal et al., 2009). 
3.1.1.2.  Robert J. Terry Anatomical Collection, Washington University   
 
   In 1890 Robert. J Terry began collection of skeletons for research and 
educational purposes. This collection has been used extensively by researchers, with 
1,728 skeletons in the collection in 2005 (Hunt and Albanese, 2005). A large 
component of the collection consisted of Black and White males. The documentation 
of this collection consists of a morgue record with age, sex, race and date and cause 
of death. This collection provides additional data such as dental charts, bone 
inventory and date of addition to the collection post maceration (Ubelaker, 2014).   
Considerable amounts of research have been conducted with the use of the 
skeletal material in the Terry collection to produce newer, effective methods of 
determining the biological profile. In particular, the well-known study by Trotter & 
Gleser stature estimation from long bones of American Whites and Negros (Trotter 
and Gleser, 1952) was conducted using the Terry collection. Specifically, the long 
bones of the upper limb (humerus, radius and ulna) and lower limb (femur, tibia & 
fibula) were used to create equations that could be applied to estimate stature of 
American White and African American males and females (Trotter and Gleser, 
1952). Simmons et al. (1990) also utilized the Terry Collection to estimate stature 
from fragmentary femora (Simmons et al., 1990). 
3.1.1.3 Hamann-Todd Osteological collection 
 
In 1893 Carl A. Hamann (Professor of Anatomy) established the collection and 
it was later taken over by T. Wingate Todd. The Hamann-Todd Osteological 
Collection was previously located at the Cleveland Museum of National History and 
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later moved to the Smithsonian Institute (Muller et al., 2017). This collection 
presents a significant level of documentation similar to the Terry Collection, with 
majority of the individuals demography known including age, sex, race, cause of 
death and even the occupation held over the individual’s lifetime (Ubelaker, 2014). 
Currently, the collection consists of over 3300 individuals with birth years between 
1825 and 1910. This collection greatly represents a range of ethnicities, primarily of 
individuals of Whites and Blacks, middle-aged to elderly from the Cleveland area 
who died in the 1900s (Muller et al., 2017). 
3.1.1.4  George S. Huntington Anatomical Collection 
 
The George S. Huntington Collection, now known as the George Huntington 
collection was established in 1893 and was one of the first anatomical skeletal 
collections in North America. This collection was previously housed at the Nation 
Museum of Natural History in Washington D.C., later moved to the Smithsonian 
Institute. The collection is comprised of 3600 skeletons; the skeletal material 
component of the collection has been accumulated through anatomical dissections 
from Columbia University. Documentation of these individuals consists of age, sex, 
cause and date of death and also displays many cases of pathology and trauma 
(Muller et al., 2017, Ubelaker, 2014). 
3.1.1.5  Raymond. A Dart Collection, University of Witwatersrand, 
Johannesburg, South Africa. 
 
The Raymond A. Dart Collection, previously known as the Raymond A. Dart 
Collection of Human Skeletons was founded by Anatomist Raymond Dart in early 
1920s. This collection is based in the School of Anatomical Sciences, consisting of 
2605 skeletons. According to inventory in 2009, of the 2605 skeletons, 2466 were 
partial skeletons. The Dart collection is predominately made up of South Africans 
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(76%), with 15% South African Whites, 4% coloured and 0.3% Indian populations 
(Dayal et al., 2009). A great proportion of the collection is represented by males 
(71%). Like the Huntington Collection, the skeletal material in the Dart collection 
was derived from cadavers as well as bodies unclaimed from regional South African 
hospitals starting from 1921. The sex, age and population affinity of the individuals 
included in the collection are documented (Dayal et al., 2009). The Dart collection 
has been used by researchers to investigate stature estimation in a South African 
population using various bony elements such as the skull, long bone lengths and tibia 
fragments to provide equations for the South African population (Bidmos and 
Asala,2005, Chibba and Bidmos, 2007, Ryan and Bidmos, 2007, Dayal et al.,2008). 
3.1.1.6 Pretoria Bone Collection, Pretoria University 
 
The Pretoria Bone Collection was established in 1942 and is still growing today. 
Like many other early skeletal collections, the skeletal material in the Pretoria Bone 
Collection represents the cadaveric material used in medical schools within the 
Pretoria University both donated and unclaimed bodies. This collection consists of 
704 skulls, 290 complete post-cranial and 541 incomplete postcranial remains 
(Ubelaker, 2014). The Pretoria Bone collection represents the modern South African 
population with individuals of known identity (L’Abbé et al., 2005). In Comparison 
to the Raymond A. Dart Collection, the Pretoria Bone Collection is a less prominent 
collection in South Africa. Much of the composition of this collection includes 
victims of homicide, where heavy trauma including sharp force trauma and gunshot 
wounds are evident. 
The composition of the Pretoria collection addressed research being conducted 
on the effect of certain diseases such as tuberculosis on bones (L’Abbé et al., 2005). 
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There has been little research specifically looking at stature estimation using the 
Pretoria Bone Collection. The use of long bone lengths to estimate stature of a South 
African White population was investigated using skeletal material from this 
collection (Dayal et al., 2008). 
3.1.1.7 Maxwell Museum Documented Skeletal Collection, University of New 
Mexico 
 
The Maxwell skeletal collection is another significant collection consisting of 
modern human skeletal remains (Tersigni-Tarrant and Shirley, 2012). This collection 
was established in 1975 with over 200 individuals within the collection today. 
Similar to the Hamann-Todd Skeletal Collection, the Maxwell collection includes 
vital documented information such as age, sex, race, date and cause of death. The 
skeletal material in this collection is acquired similar to the Pretoria Bone Collection. 
The collection was made of up predominately by Hispanic individuals with Black, 
White and Native Americans (Komar and Grivas, 2008). This collection has also 
been utilised extensively by researchers to investigate biological characteristics. 
Byers et al. (1989) first looked at determining stature from metatarsals using the 
Maxwell collection (Byers et al., 1989). Falsetti (1995) used metacarpals from the 
Maxwell collection to assess sex to provide newer methods for estimation (Falsetti, 
1995). 
3.1.1.8    William Bass Donated Skeletal Collection, Knoxville, Tennessee 
 
Dr. William Bass started up the first outdoor research facility to investigate 
human decomposition after death. The cadavers used at the University of Tennessee 
are cleaned and added to the William Bass Donated Skeletal Collection. Today, the 
collection is still growing with over 1800 individuals within the collection with birth 
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years 1892 to 2016. The Bass collection includes a small number of infant and fetal 
remains. Individuals of both sexes and a wide range of ages are curated in this 
collection. It is mostly comprised of American White males, however, the diversity 
of the collection is increasing (Tennessee, 2018). 
This collection holds great significance in the United States as it is the largest 
modern human skeletal collection. The Bass collection is documented and represents 
the contemporary living population, the collection is still growing due to increased 
awareness through the Forensic Anthropology Centre (FAC) research program 
(Tersigni-Tarrant and Shirley, 2012). Significant amounts of research have been 
conducted using the skeletal material from this collection to estimate sex, age and 
stature. In particular, the Bass Collection has been utilised by Maijanen (2009) to 
advance the understanding of the effectiveness of several versions of the anatomical 
method to estimate stature (Maijanen, 2009). 
Researchers that have worked on this collection have noted differences in 
stature and cranial form when comparing the twentieth and twenty first century with 
those from the nineteenth century. These studies greatly highlighted the importance 
of using modern skeletal collections to produce criteria for estimating age, sex, race 
and stature (Meadows and Jantz,1995, Jantz,2001). 
3.2 Current status of skeletal collections in Australia 
 
In Australia, there are limited skeletal collections that can be used for 
research purposes when linked back to the current Australian population. As 
highlighted in the statistics of the Australian population (Affairs, 2017), European 
and Asian populations make up a large component of the contemporary Australian 
population. There is little to no skeletal reference material of the European and Asian 
populations in Australia. Due to this lack, forensic practitioners heavily rely on the 
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research conducted in the United States or Europe. Much of the research conducted 
in Australia with the use of skeletal material has been dependant on Aboriginal 
collections present in states across Australia. Many collections such as the NSW 
coastal collections have been reburied, and some required community permission for 
access (Donlon, 1994, Donlon, 2008). 
In the period between 1974 to 1983, major Australian Aboriginal skeletal 
collections were freely accessible. A large growth in the collection of Australian 
Aboriginal skeletons from the late Pleistocene and Holocene periods in the late 19th 
century and early 1970s were observed (Donlon, 1994). A significant amount of 
research was conducted on the available Aboriginal skeletal collections during that 
period. Many studies investigated variations in physical attributes in the remains of 
Australian Aboriginals such as crania deformation (Brown, 1981, Brown, 1987). 
Many studies aimed to describe physical characteristics of specific bony aspects such 
as the skull and femur of Aboriginal skeletal remains from different locations in 
Australia (Fenner, 1939, Davivongs, 1963). 
Alterations to the access of the Aboriginal skeletal collections began in the 
late 1980s when individuals of the Aboriginal community raised concerns about the 
maintenance, storage and the extensive research being conducted using the 
Aboriginal skeletal collections (Webb, 1987). After the 1900s, the control over 
Aboriginal skeletal remains was given to Aboriginal individuals, many of the 
skeletons were repatriated and researchers were denied access to conduct any 
research on Aboriginal skeletal remains (Webb, 1987, Donlon, 1994).  
Presently, Carl Stephan at the University of Queensland is in the process of 
opening a skeletal collection which consists of skeletal remains of local and modern 
Australian individuals (Stephan, 2016). The development and access to such 
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collections will be a great step towards research and growth of forensic anthropology 
in Australia, as researchers will be able to investigate methods of estimation on a 
modern and diverse Australian skeletal collection. 
3.2.1 The need for modern skeletal data 
 
The lack of skeletal material access in Australia highlights the limitations for 
the development of forensic anthropology research. It is evident that many forensic 
institutions and museums all over the globe have extensive skeletal collections such 
as the collections discussed above, have allowed the development of estimation 
methods in forensic anthropology, such a range of reference material for forensic 
research is required in Australia to develop Australian standards for the 
contemporary population.  
Many of the major skeletal collections discussed above have played a 
significant role in the development of methods to estimate sex, age, race and stature 
in forensic anthropology. Particularly looking at stature estimation, many of the 
equations used as part of the mathematical method are population specific and much 
of which are based off non-diverse skeletal collections. Another factor affecting the 
use of majority of existing collections is the fact that they consist of individuals that 
no longer represent the modern population. This was highlighted by Jantz and 
Meadows (2000) when they noted a secular change in craniofacial morphology when 
comparing skeletal material from the Hamann-Todd collection, it was also stated that 
this trend would also be observed in the long limb bones of individuals - which in 
turn would affect stature estimation with older equations (Meadows and Jantz, 1995, 
Jantz and Meadows Jantz, 2000).  
However, a large growing body of literature has demonstrated the use of 
computed tomography (CT) in the development of methods to estimate biological 
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characteristics (sex, age, race, stature). Focusing on stature estimation, a large 
component using CT has been completed predominantly on Japanese populations 
with the use of the skull, radial and ulnar lengths, scapular, sacrum and pelvic 
measurements (Torimitsu et al., 2014a, Torimitsu et al.,2014, Torimitsu et al., 2015a, 
Torimitsu et al., 2015b, Torimitsu et al., 2016). Similar research to estimate stature 
using CT has been conducted on Italian populations (Giurazza et al., 2013). In 
Australia, there has been the use of CT to estimate sex in Western Australia and none 
investigating stature estimation (Franklin et al., 2012). However, the lack of access to 
skeletal data is one of the major reasons for the slow development of forensic 
anthropology in Australia. The growth and access to digital collections in Australia 
will firstly provide a reference to develop methodologies and secondly, assist in 
counteracting the lack of contemporary skeletal material available in Australia.  
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Chapter 4 Scoping Reviews in Forensic Anthropology  
 
4.1 What is a systematic review? 
 
A literature review is an objective, critical analysis and precise summary of 
existing literature in a field of research. The primary aim of this type of review is to 
provide the reader with a foundation by giving a background of knowledge in an area 
to further understand current research, while emphasising the importance of future 
research. A literature review is conducted for various reasons including policy 
development and is a key aspect for academic evaluation; an essential part of the 
research process (Cronin et al., 2008). In this case, this project utilizes a specific type 
of literature review in attempt to provide academic evaluation in the field of forensic 
anthropology with a focus on stature estimation and the application of methods to a 
diverse population.  
A literature review provides critical analysis and a comprehensive summary 
of relevant research while drawing conclusions to a specific research topic in 
question. This type of review is essential when a large scope of research is evident in 
a field, assisting in gathering a large span of literature in a specific area (Cronin et 
al., 2008). When looking at stature estimation methods, it is evident that many 
equations are population specific, however, a mapping of literature is essential to 
investigate if there are available equations to be applied to the diverse Australian 
population. 
There are several types of literature reviews present and the type of review to 
be conducted is selected according to the aim of the review. Booth and Grant (2009) 
identified fourteen types of reviews shown in (Table 1). The range of reviews include 
both qualitative and quantitative methodologies and differ due to a unique search 
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strategy, appraisal, synthesis and analysis of data. The different types of reviews 
individually cater for specific objectives of the research question being explored 
(Grant and Booth, 2009).  
A systematic review utilises a further systematic and well-defined approach 
to review literature in a field. A systematic review is conducted to provide a list of all 
literature, both published and grey literature present in a specific research area. 
Traditional literature reviews aim to provide a succinct summary of a large sum of 
studies whereas a systematic review uses precise and thorough criteria to identify, 
evaluate and synthesise present literature on a given topic. (Cronin et al., 2008) A 
meta-analysis is another type of review that involves statistical analysis of an 
extensive sum of individual studies for the purpose of bringing the findings together 
and to enhance understanding (Haidich, 2010). This type of review has been 
observed as a form of systematic review, however, conducted largely in a statistical 
manner. This aids in drawing conclusions and identifying arrangements and relations 
between findings (Cronin et al., 2008).  
On the other hand, a meta-synthesis is a technique applied to integrate, 
evaluate and interpret findings of multiple qualitative studies using a non-statistical 
approach. Common themes and core elements of the studies are highlighted when 
multiple studies are combined in a meta-synthesis (Cronin et al., 2008). In 
comparison to meta-analysis, a meta-synthesis aims to transform individual findings 
into new interpretations and conceptualizations through analysis and synthesis of key 
elements in studies (Cronin et al., 2008).  
 
 
 
 Chapter 4: Scoping Reviews in Forensic Anthropology | Kajaal Prasad 
41 
 
Table 4.1: Types of reviews 
Type of Review Description 
Critical review Displays that writer has comprehensively investigated 
literature and provided critical evaluation of its quality 
Literature or traditional 
review 
Includes compiling research material that has been 
published to provide evaluation of a research area 
Mapping 
review/systematic map 
Categorise and chart existing literature which lead to 
additional reviews by identifying gaps present in 
literature 
Meta-analysis Results of quantitative studies and combined 
statistically to produce a more detailed interpretation of 
results 
Mixed studies 
review/mixed methods 
review 
A combination of methods with a major component 
being a literature review, in most cases a systematic 
review 
Overview Attempts to survey literature and describe its 
characteristics 
Qualitative systematic 
review/qualitative 
evidence synthesis 
Aims to compare findings from qualitative studies by 
identifying themes or constructs across single studies  
Rapid review Critical appraisal of existing research to assess current 
knowledge regarding a policy or practice issue using 
systematic methods 
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Table 4.1: Types of Reviews (Continued) 
4.2 What is a scoping review? 
A scoping review is a study that aims to rapidly gather literature and key 
concepts to map accumulated evidence surrounding a research area (Arksey and 
O'Malley, 2005). Scoping reviews are conducted when there is minimal or no 
evidence of a comprehensive review of a body of literature. A scoping review is also 
conducted when the existing literature reflects an extensive, complex and diverse 
nature that is not precise enough for a systematic review (Peters et al., 2015b). 
Type of Review Description 
Scoping review Assesses the scope of available research literature and 
potential size and extent of research present 
State-of-the-art review Highlights current matters in comparison to a 
combination retrospective and current methods. May 
suggest areas of research development in a field 
Systematic review Aims to synthesise and appraise literature in a 
systematic fashion while following a guideline 
regarding the conduct of a systematic review 
Systematic search and 
review 
A combination of strengths from both a broad search 
process and a critical review to address broad questions 
Systematized review Includes elements of a systematic review but stops short 
of a systematic review - may or may not include 
comprehensive searching and quality assessment 
Umbrella review Collection of literature from various reviews into one 
accessible document, concentrating on a broad topic or 
issue  
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Although scoping reviews aim to rapidly map literature, the time taken to complete 
this type of review can take a significant amount of time.   
There are several other reviews as stated above, however, they are based on 
precise questions. A systematic review is similar to that of a scoping review due to 
its rigorous search strategy and selection criteria. The outcomes of the individual 
reviews themselves however are different, a systematic review requires precise 
questions to investigate and critically analysis the selected studies. A scoping review 
however investigates broad questions for clarification and synthesis of conceptual 
limitations and working definitions within a research area. At the same time, a 
scoping review assists in identifying gaps in existing knowledge and is generally 
done prior to a systematic review to map all the available evidence and identify gaps 
in research (Peters et al., 2015a). 
The output of a scoping review achieves in-depth, yet, broad results. A main 
characteristic of a scoping review holds the requirement of identification of all 
literature relevant to the topic of interest regardless of study design. In contrast, a 
systematic review is based on highly focused research questions that results in the 
selection of particular study designs (Arksey and O'Malley, 2005).  
Scoping reviews reflect a newer and popular approach to synthesize evidence 
in research (Grant and Booth, 2009). Both systematic and scoping reviews require 
well-constructed and comprehensive searches of literature to increase recall and 
decrease possible bias. In a systematic review, the research question is highly 
focused and the inclusion/exclusion criteria is developed at protocol stage (Arksey 
and O'Malley, 2005). In comparison, in a scoping review the research question is 
broadly defined and the inclusion/exclusion criteria is developed at the stage of study 
selection. The study selection in a systematic review only consists of specific study 
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types whereas a scoping review includes all study types.  Data extraction from 
findings is synthesised and aggregated in a systematic review and in a scoping 
review, the data is charted according to issues and themes (Arksey and O'Malley, 
2005).  
There is a large body of literature present when looking at the mathematical 
method to estimate stature which therefore results in a number of equations available.  
 A scoping review has been selected for this project firstly because to date there has 
been no previous scoping review of forensic anthropological methods. Secondly the 
available literature on stature estimation is extensive and complex in reference to the 
application on diverse population and is necessary to be reviewed to forward forensic 
anthropology in Australia. A scoping review will address the issue of Australian 
standards in forensic anthropology by identifying a large range of studies for possible 
inclusion, map literature and comprehensively review available regression equations 
to assess their application to the contemporary Australian population. 
4.3 Scoping review protocols 
 
The previous subsection discussed various types of literature reviews. As 
highlighted, scoping reviews are utilized to detect knowledge gaps in various fields 
of research and discover implications for decision making regarding future research 
(Tricco et al., 2016). When looking at scoping reviews, emphasis is placed on the 
precise methodology of a scoping review. Due to scoping reviews providing a 
modern approach to a literature review, there are various guidelines and protocols 
available to follow in conducting a thorough review. This section will discuss the 
guidelines and protocols currently available to build a field specific protocol to 
undertake a scoping review.  
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To strengthen the rigor of a scoping review, the first framework for 
conducting a scoping review was published by Arksey and O’Malley (2005) which is 
comprised of five key phases (i) identification of research question, (ii) identification 
of relevant studies, (iii) study selection, (iv) charting data, (v) collating, summarizing 
and reporting results and (iv) optional consultation (Arksey and O'Malley, 2005). 
Further recommendations to this framework was provided by Levac et al. (2010) 
(Levac et al., 2010). In 2015, the Joanna Briggs Institute (JBI) published a 
Reviewer’s Manual which outlines a methodology for conducting a scoping review. 
The Joanna Briggs Institute framework is similar to that of Arksey and O’Malley 
(2005) with some alterations. The framework to building a JBI protocol as is follows 
(i) title, objective & research question, (ii) inclusion criteria, (iii) search strategy, (iv) 
extraction of results and (v) presentation of results. 
  Apart from the five step framework additional information is required to be 
outlined in JBI reviews such as author information, specifics in the title and 
background information (Peters et al., 2015). Although slight variations between 
methodologies, both follow a rigorous structure of protocol production for an 
effective scoping review. The specifications of each stage of the scoping review 
framework, provides a comparison between the methodologies presented by Arksey 
and O’Malley (2005) and Peters et al. (2015). 
4.3.1 Title 
The title is a key characteristic in a scoping review and its significance is 
outlined in the methodological framework. The title of a scoping review involves the 
production of an informative title, with a clear indication in relation to the topic of 
the scoping review. The phrase “a scoping review” allows effective identification of 
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the type of review being conducted. This step is only outlined in the protocol 
presented at the Joanna Briggs Institute, and is not highlighted in the protocol 
suggested by Arksey and O’Malley (2005) (Arksey and O'Malley, 2005, Peters et al., 
2015). JBI suggests a mnemonic of “PPC” standing for Population, Concept and 
Context. These aspects should be clearly outlined in the title of the scoping review. 
Apart from the title, the requirements outlined is that there are at least two reviewers 
to reduce reporting bias.  
4.3.2 Framework Stage 1: Research question & objective 
Providing objectives of the scoping review is a highlighted step in the JBI 
Reviewers’ Manual and is not emphasised in the methodology presented by Arksey 
and O’Malley (2005). According to the JBI, the objectives of a scoping review must 
be consistent with the title of the review itself. Although the objectives of the scoping 
review may be broad, it provides guidance to the scope of the study (Peters et al., 
2015).  
The development of a research question assists in the development of detailed 
inclusion criteria to ensure important articles are detected. Precision provided in the 
review question will further support the development of the protocol and assist in the 
effectiveness of the search for literature, therefore, providing clear framework for the 
development of a scoping review. Like the title, the JBI Reviewers’ Manual suggests 
the PPC mnemonic for the production of a research question (Peters et al., 2015). 
Similarly, the framework provided by Arksey and O’Malley suggests to include 
aspects such as population, intervention and outcomes while keeping a broad scope 
when building the research question to conduct a scoping review. Emphasis was put 
on the importance of outlining such details to ensure relevant articles are not missed 
(Arksey and O'Malley, 2005). Levac et al. (2010) suggests providing a combination 
 Chapter 4: Scoping Reviews in Forensic Anthropology | Kajaal Prasad 
47 
 
of a broad research scope in hand with a well-defined scope of investigation (Levac 
et al., 2010).  
4.3.3 Framework Stage 2: Identification of Relevant Studies/ Inclusion criteria 
As established from the previous subsection, scoping reviews consist of a 
detailed search strategy to ensure appropriate articles are identified to be included in 
the review and that will also address the research question. This step in the 
methodological framework includes searching various sources including electronic 
databases, reference lists, journals, organisations and conferences. The search 
strategy varies between established protocols. According to framework outlined by 
Arksey and O’Malley (2005), the search strategy is constructed from the research 
question and the definitions of key concepts, which is then used in electronic 
databases to search for articles. It was suggested by Levac et al. (2010) to incorporate 
a scoping study team to avoid challenges such as uncertainty and also outlined the 
importance of building a inclusion/exclusion criteria prior to the initial search (Levac 
et al., 2010). 
The JBI methodology describes sources of identifying relevant articles as any 
existing literature including systematic reviews, letters and guidelines. The key 
aspect of the second stage in the JBI framework is the creation of an inclusion 
criteria prior to conducting any other steps of the review, as part of the protocol is it 
essential to outline details of which sources of literature will be examined for 
inclusion of the scoping review. The inclusion criteria provides a guide to display 
what is being projected by the reviewers as well as acting as a guide for the reviewer 
(Peters et al., 2015). In the Arksey and O’Malley framework, the inclusion/exclusion 
criteria is applied in the 3rd stage of the framework after the search for literature 
(Arksey and O'Malley, 2005).  
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4.3.4 Framework stage 3: Study selection/ search strategy 
This step of the frameworks is a critical aspect as it involves the selection of 
articles from various sources and assists in assessing articles in correspondence to the 
research question. As highlighted in the second stage, the study selection uses the 
Arskey and O’Malley (2005) framework incorporates the creation of 
inclusion/exclusion post search to assess each article regarding their relevance. If the 
relevance of an article was not observed through title and abstract, then the full 
article was read. After assessing literature through abstract and title, the articles must 
all be read in full to come to a conclusion to include or exclude from the review. The 
authors did not highlight a team based approach whereas Levac et al. (2010) 
suggested the involvement of a multidisciplinary team using a replicable process 
(Levac et al., 2010).  
In comparison, the search strategy of the JBI scoping review is detailed and 
provides explicit instructions on how to conduct a search and select studies for the 
scoping review. The JBI suggests a three-step search with a minimum of two 
reviewers. First step is to identify key terms and index terms to conduct a second 
search using the identified key terms and index terms in relevant databases. A third 
search for articles is then conducted by going through the reference list of articles 
identified for the scoping review (Peters et al., 2015).   
4.3.5 Framework Stage 4: Charting data/presentation of results 
Arksey and O’Malley (2005) describe the process of displaying the key 
outcomes of the identified articles as “charting data”, whereas JBI refers to this 
process as presentation of results. This provides a descriptive summary of the results 
while aligning with the research questions of the review. Results that are used are 
charted into tables or forms which include information such as author(s), year of 
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publication, origins, aims, methodology, study population, sample size, intervention 
type (if applicable) and main outcomes. Levac et al. (2010) also suggests the use of a 
data charting form to assist in determining which variables to extract from articles 
(Levac et al., 2010). All the frameworks discussed here display similar attributes in 
this stage of the framework. 
4.3.6 Stage 5: Collating, summarizing and reporting results / presentation of 
results 
Scoping reviews do not aim to combine or assess the quality of the study, 
they provide a method of grouping studies in a field to observe produced research. 
The fifth stage of the framework includes collating, summarizing and outlining main 
outcomes of the articles identified. In the protocol presented by Arskey and 
O’Malley (2005), after the results are charted in tables or forms, the distribution of 
the studies such as number, type of study and adopted research methods are then 
examined from data collated from the scoping review (Arksey and O'Malley, 2005). 
Similarly, the JBI scoping review refers to this process as the presentation of results. 
JBI also requires explicit information at this stage including number of studies 
identified and included in the review, providing a narrative explanation of the search 
choice process. The results in a JBI review are arranged according to concepts for 
example, study population and methodology adopted. A flowchart clearly outlining 
the review decision process should be included in this stage (Peters et al., 2015).  
4.3.7 Framework optional stage: Consultation Exercise 
This optional stage of consultation is only outlined by Arksey and O’Malley 
(2005) and further recommendations were made by Levac et al. (2010). This process 
allows consumers and practitioners to contribute to the scoping review. The 
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consultation provides advice on potential studies to include and valuable insights 
about concepts relating to the effectiveness of the scoping review.  
4.4  Electronic databases 
Databases contain a large collection of data organised in a way that is 
effectively accessed, organised, managed and updated. Databases that researchers 
use consist of materials that provide a reference point and electronic databases 
provide precise output of literature when searched (Porter, 2000). There are many 
databases available and some which are field-specific, meaning that certain 
disciplines should access databases catered to the field of interest.  
There are numerous electronic databases in the scientific field. These 
databases play a significant role in research by providing literature. When accessing 
Library e-resources from the Western Sydney University, electronic databases such 
as Web of Science, Scopus and Medline on Ovid are recommended in forensic 
science. Web of Science consists of multidisciplinary collections of complete text 
and citation index databases on information collected from a wide range of sources 
including scholarly journals, books, reports and conferences (Falagas et al., 2008, 
Aghaei Chadegani et al., 2013). 
Similarly, Scopus provides a large scope of references in science. It is the 
world’s largest abstract and index database providing a total of 25 million abstracts 
that are dated back to 1966 and covers different scientific fields. Ovid Medline 
database also includes all citations found in PubMed, all areas of science and 
contains content starting from 1946 (de Moya-Anegón et al., 2007, Falagas et al., 
2008). These three databases are most appropriate and provide a good foundation to 
conduct a scoping review, as they provide a wide range of citations covering science 
including forensic anthropology. They are also dated back starting from 1946 which 
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is essential if a large sum of literature were to be examined. These three databases 
permit an effective searching of literature by allowing field specific searches through 
advanced searches and display important information when searching for literature 
such as title, date of publication and abstracts to observe relevancy (Falagas et al., 
2008, Aghaei Chadegani et al., 2013). 
In contrast, search engines like Google Scholar does not have a journal frame 
to cater to a specific field, in turn it lists all publications that result based from a 
quick search. The retrieved articles from a search display title, author information, 
date and area of subject but no abstracts are provided on freely available articles. 
Google Scholar aims to extend to the broadest audience and allows for an overall 
general web search using self-selected keywords (Falagas et al., 2008).  
4.5  Study Purpose and Aims 
 
The purpose of this scoping review is to identify stature estimation studies 
conducted in the last 50 years of forensic anthropology within existing literature and 
investigate the applications of non-population specific regression equations to the 
skeletal remains of the contemporary Australian population. The objectives are: 
1. To identify gaps in the literature concerning the use of skeletal material in 
estimating stature of diverse populations and highlight the necessity of future 
research. 
2. To find stature estimation equations using skeletal remains and view which 
equations can be applied to diverse populations for applications on Australian 
case studies. 
3. Evaluate the usefulness of the equations by assessing standard criteria e.g. 
standard error of estimate. 
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Chapter 5: Methodology 
 
5.1 Methodological approach 
The approach for this scoping review is underpinned by the Joanna Briggs 
Institute (JBI) Reviewer’s Manual 2015 - Methodology for JBI Scoping Reviews 
(Institute, 2015). The JBI Reviewer’s Manual followers a precise framework 
including: (1) research title, objective and question, (2) background, (3) inclusion 
criteria, (4) search strategy, (5) extraction of results and (6) presentation of results. 
The steps are described below: 
5.1.1 Step 1: Title 
 The title of this scoping review is: Scoping Review: Stature Estimation 
Equations in Forensic Anthropology and their applications to diverse populations. 
The research question for this study is “Are there any existing non-population 
specific regression equations used to estimate stature in forensic anthropology that 
can be applied to the skeletal remains of the diverse Australian population?”. 
5.1.2 Step 2: Background  
A preliminary search has revealed the lack of research being conducted for 
the application of stature estimation equations on diverse populations. Therefore, in 
this review, a variety of studies investigating stature estimation using regression 
equations will be searched and reviewed to observe their applicability to diverse 
populations. There has been a significant amount of research based on non-skeletal 
elements such as handprints and footprints to estimate stature in Australia, however, 
in forensic anthropology many cases of human remains identified are skeletonised.  
This means that the equations produced using such elements cannot be applied to the 
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Australian population when skeletonised remains are found unless the soft tissue can 
be accurately re-constructed (Ishak et al., 2012, Hemy et al., 2013).  
The data resulting from this study can assist in difficulties arising to the 
applicability of current population specific forensic anthropological methods to 
diverse populations, such as in Australia. It will review and map the current literature 
surrounding stature estimation, evaluate the usefulness of current studies towards 
diverse populations and highlight the importance of the knowledge gaps in forensic 
anthropology to be filled, which is highly imperative for the purposes of developing 
standards for the Australian population. To date, there are no scoping or systematic 
reviews present in forensic anthropology for stature estimation. 
5.1.3 Step 3: Inclusion criteria 
The inclusion and exclusion criteria for this study has been outlined 
specifically to identify articles to address the objectives of the review. Articles fitting 
the inclusion criteria are to investigate stature estimation with the use of skeletal 
elements only, as in many cases only skeletal remains (whole or partial) are located 
in forensic cases in Australia and methods investigating non-skeletal methods to 
estimate stature cannot be applied. In this review, the main focus is particularly on 
regression equations which are part of the mathematical method to estimate stature, 
therefore, studies based on regression equations will be included into the review. 
Individuals usually attain maximal stature at the age of 18, which is a factor in 
accurate prediction of stature in studies. For this reason, studies including subjects 
from the age of 18 will be included in the review. Only studies conducted in the last 
50 years will be included in the review as 50 years is generally used as a marker to 
differentiate between forensic anthropology and physical anthropology and for the 
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purpose of this study only articles in English will be included (Agnihotri et al., 2008, 
Mallett and Evison, 2017). 
Any aspects that would affect the accuracy and relevancy were excluded, 
such as studies investigating stature of individuals with skeletal deformities or 
pathologies as this would not be an accurate indicator of stature for individuals 
without such pathologies. Any articles producing stature estimation equations for 
ancient or prehistoric populations were excluded as this study is focusing on 
contemporary diverse populations. It was also essential as part of exclusion criteria to 
exclude articles that included less than 10 subjects in their study to produce stature 
estimation regression equations as this small sample size may influence the accuracy 
of the produced regression equations. 
The inclusion criteria for the study consists of: 
1. Skeletal elements 
2. Mathematical and anatomical methods 
3. Individuals above 18 years of age 
4. Studies conducted in the last 50 years 
5. Articles only in English 
The exclusion criteria for the study consists of: 
1. Studies using body elements other than skeletal material 
2. Stature of children  
3. Individuals with skeletal deformities or pathologies 
4. Investigating prehistoric and/or ancient populations 
5. Studies not written in English 
6. Less than 10 subjects in the study 
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5.1.4. Step 4: Search Strategy 
The search strategy includes a three step search following the Joanna Briggs 
Institute (JBI) Reviewer’s Manual. The first step of the three-step search strategy 
consists of searching databases with keywords surrounding the topic area being 
investigated and collecting key words and index terms resulting from the search. The 
second step includes searching the databases again, but with identified keywords and 
index term combinations to produce search results with relevant literature. Thirdly, 
the reference lists of selected articles are then searched to identify additional articles.  
For this scoping review, a commencement year of 1967 to 2018 was selected to 
cover the last 50 years of studies focusing on stature estimation. The initial search 
was conducted on the 20th of January 2018. The selected databases (Web of Science, 
Medline on Ovid and Scopus) were utilised to detect a widespread of articles and 
grey literature. No limitations were placed on the type of study and subject in the 
database search. A librarian was consulted for the search strategy for this scoping 
review. 
Firstly, as part of the first step of the search strategy, the initial search was 
conducted using the terms “stature” AND “estimation” AND “regression analysis”. 
The terms were searched in Web of Science, Medline on Ovid and Scopus databases 
that were accessed from the Western Sydney University library website to identify 
key words from title, abstract and index terms used to describe the articles.  Key 
words and index terms identified were documented in a Microsoft Excel spreadsheet. 
The initial search is then followed by an analysis of the keywords extracted from the 
articles. The second search comprised of searching the Web of Science, Medline on 
Ovid and Scopus databases with a combination of identified keywords and index 
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terms from the initial search (Table 5.1). The results from each search was extracted 
into Endnote, a referencing software. 
The next stage of the search strategy includes a screening process of the 
results to identify relevant studies. Once all articles were extracted into Endnote, 
duplicate articles that were detected were removed from the search results. The 
articles that remained after the removal of duplicate articles were screened by title 
and abstract and irrelevant articles that did not meet the inclusion criteria were also 
excluded. 
Once the articles were screened by abstract and title, the remaining articles 
were read in full to view if the criteria were fulfilled, any articles not addressing the 
criteria after full article review was also removed. Lastly, the third search was 
conducted once the thorough screening process was managed and the final articles 
were selected to be included in the review. The third search included searching the 
reference list of all selected articles to further identify additional articles meeting the 
inclusion criteria of the review. Once this was complete, the articles for the scoping 
review was ready for data extraction.  
Table 5.1: Combination of keywords for second initial search in databases 
Database Keyword combination 
Scopus “stature estimation” OR “body height” OR 
“human identification” AND “long bones” 
or bones AND “regression” 
 
Web of Science “stature estimation” OR “body height” 
AND “long bones” or bones AND 
“regression” AND forensic 
 
Medline on Ovid “stature estimation” OR “body height” 
AND “long bones” or bones AND 
“regression” AND forensic 
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5.1.5.  Step 5: Extraction of results 
This step consists of extracting data to chart results. It provides a descriptive 
summary of outcomes and aligns the extracted data with objectives and questions of 
the review. The key information extracted from studies in this review included the 
author(s), year of publication, resource, population, sample size, standard error of 
estimate (SEE) and whether the equations provided were to estimate total skeletal 
height or estimated stature.  
Articles reviewed in this scoping review were grouped into the skeletal 
element used to conduct the investigation of stature estimation in the study, including 
the skull, upper limb (humerus, scapula, radius, ulna and metacarpals), lower limb 
(femur, tibia, fibula), sternum & clavicle, vertebrae & pelvis, foot bones (calcaneus, 
talus and metatarsals), and combination of bones which investigated a combination 
of upper and lower limb bones. Step 6 will be displayed in the following chapter. 
5.2. Accuracy 
Many authors have highlighted the issues about the rigor of scoping reviews. 
Recommendations have been made to improve rigor, this includes any decisions 
regarding the inclusion and exclusion criteria of the study to be incorporated at the 
beginning of the scoping process, secondly to refine search strategy based on 
abstracts resulting from the search and thirdly, including at least two independent 
reviewers of articles at the start, middle and end stages of review process (Levac et 
al., 2010). The JBI Manual also suggests a minimum of two reviewers during the 
search process (Institute, 2015). For the purposes of this project, as it is a Masters of 
Research thesis, there has been only one reviewer.  
 
 Chapter 6: Results | Kajaal Prasad 
58 
 
Chapter 6 : Results 
 
The initial search for keywords from the title, abstract and index terms used to 
describe the articles resulted in 3,289 keywords. The second search was conducted to retrieve 
articles with the combinations of selected keywords and index terms once they were analysed. 
The second search resulted in 664 articles, duplicates were then removed and 525 articles 
remained. The remaining 525 articles were firstly screened by title and abstract and a further 
364 articles not meeting the inclusion criteria were excluded. All selected articles were then 
reviewed full by reading complete articles to view if the inclusion criteria were met. Once the 
assessed articles met the criteria, 58 articles were then included in the review and the rest 
were excluded. The third search was completed by searching the reference list of all the 
selected articles for additional articles, in total 8 articles were selected from the reference lists. 
A total of 66 articles were reviewed in this scoping review. The scoping review process for 
study is outlined in the PRISMA flow diagram below (Figure 6.1). 
The articles were grouped by bone to estimate stature and also by year of publication. 
The data extracted from the articles included author, year of publication, resource (skeletons, 
living populations, cadavers with measurements obtained either directly or through x-rays, 
computed tomography (CT), Post-mortem CT (PMCT) or digital radiography), population, 
sample size, standard error of estimate (SEE) and whether the equations provided were to 
estimate total skeletal height or estimated stature. Many articles were excluded due to 
exploring ancient and/or prehistoric populations, including individuals under the age of 18, 
utilizing non-skeletal elements and some were in languages other than English such as 
Chinese, Russian, Polish and Japanese (Abrahamyan et al.,2008, Zviagin and Zamiatina, 
2008, Krishan et al.,2012, Anand et al.,2014). Some articles did not outline features that were 
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being investigated in this scoping review such as age and standard error of estimates (Lee et 
al.,2014).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 6.1 PRISMA flowchart of scoping review process  
 
 
 
 Chapter 6: Results | Kajaal Prasad 
60 
 
6.1.  Skull  
Six of 66 articles published in the period between 2007-2016 investigated the use of 
the skull and its features including teeth in estimating stature (Table 6.1). The origin of the six 
articles revealed that they are all highly population specific producing equations only to be 
applied to six populations being investigated including the Columbian, South Indian, 
Nepalese, Indigenous South African, South-East Asian and Indian populations. Majority of 
the studies used direct measurement of bone to obtain measurements for their study, however, 
Gonzalez et al. (2016) utilized radiography technique to obtain measurements from the skull 
and also produced the lowest standard error of estimate (SEE) value, showing a high 
correlation between mastoid height from cranial base and stature in both males and females of 
a modern Columbian population (González-Colmenares et al., 2016). Similar to the study by 
Gonzalez et al (2016), the study conducted by Ryan and Bidmos (2007) showed considerably 
low SEE values (4.37-4.70cm) for a combination of three variables for an Indigenous South 
African male population only when compared to other studies using features of the skull. 
In other instances, a higher SEE was generally seen when using the skull as a predictor 
for stature. Cranial sutures (coronal and sagittal) were investigated by Rao et al. (2009) as an 
estimator of stature in a South Indian population, however, a high range of SEE between 5.67-
9.42cm resulted from the study reflected low correlation between stature and cranial sutures. 
Shrestha et al. (2015) also utilized cranial measurements as a means to estimate stature for a 
Nepalese population, although they suggest their lowest SEE of 6.89cm shown with the use of 
maximum cranial length and bi-zygomatic breath for males and maximum cranial length in 
females (5.69 cm) shows significant correlation with stature, the SEE value is still 
considerably high. 
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Another aspect of the skull used to estimate stature was teeth, two out of six studies 
investigated the use of teeth in stature estimation, both of which were based in the Asia 
region. Hossain et al. (2016) examined teeth of a South-East Asian population and Prabhu et 
al. (2013) focused on the Indian population, both studies produced a high SEE signifying 
lower accuracy when estimating stature. This suggests that teeth should not be used in 
forensic cases to estimate stature (Hossain et al., 2016, Prabhu et al., 2013).  
6.2. Upper limb (Humerus, ulna, radius, scapula, clavicle) 
 
6.2.1.  Scapula 
In the last 50 years, a number of studies have been conducted using the bones of the 
upper limb to estimate stature (Table. 6.2). Ten out of 66 articles between 1998-2016 looked 
at the use of the bones of the upper limb (humerus, scapula, radius, ulna and metacarpals) and 
similar to the articles investigating the skull, all of the articles looking at the upper limb were 
population specific looking at the Italian, Korean, Japanese, Egyptian and Turkish 
populations. 
 A significant amount of the studies were conducted in the Asia region of the world. 
Interestingly, half of these studies evaluated the use of the scapula to estimate stature, with 
three out of four using more modern techniques of CT scanning and 3D volume rendering to 
obtain scapular measurements. A study conducted by Torimitsu et al. (2014) displayed the 
lowest SEE (3.75-4.62 cm) in males when using the scapular measurements from CT scans of 
Japanese autopsied cadavers, in particular the right longitudinal scapular length as the most 
accurate estimator of stature in a Japanese population (Torimitsu et al., 2014a). A conflicting 
result using the scapular also in a Japanese population was observed in the study by Zhang et 
al. (2016).  
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 Table 6.1 A
rticles investigating the skull to estim
ate stature 
 
A
uthors 
Y
ear 
R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
(bone) 
SEE 
(Standard 
error of 
estim
ate) 
TSH
 or 
Estim
ated 
stature 
R
yan &
 
B
idm
os 
2007 
Skeletons 
Skull 
Indigenous 
South 
A
frican 
99 
50 m
ales                 
49 fem
ales 
25-70 
Six 
M
ales: 4.37-
4.70 cm
 
Fem
ales: 
6.09-6.24 
cm
 
Total skeletal 
height &
 
estim
ated 
stature 
R
ao et al. 
2009 
C
adavers 
(A
utopsied) 
Skull 
South 
Indian 
87 
87 m
ales 
20-60 
Five 
5.97-9.42 
cm
 
Estim
ated 
stature 
Prahbhu et 
al. 
2013 
Living 
population 
Teeth 
Indian 
95 
48 m
ales                 
47 fem
ales 
20-32 
Fifty-six 
8.09 cm
 
Estim
ated 
stature 
Shrestha et 
al. 
2015 
C
adavers 
Skull 
N
epalese 
200 
148 m
ales                 
52 fem
ales 
21-90 
Five 
M
ales: 6.89 
cm
 
Fem
ales: 
5.69 cm
 
A
ll: 7.44 cm
 
Estim
ated 
stature 
H
ossain et 
al. 
2016 
Living 
population 
Teeth 
South-East 
A
sian 
146 
30 m
ales                
116 fem
ales 
20-26 
Three 
M
ales: 5.53-
6.11 cm
 
Fem
ales: 
5.50-6.28 
cm
 
Estim
ated 
stature 
G
onzalez-
C
olm
enares 
et al. 
2016 
Skeletons 
Skull 
M
odern 
C
olum
bian 
70 
54 m
ales                    
16 fem
ales 
20-45 
Ten 
M
ales: 0.63-
4.11 cm
  
Fem
ales: 
0.77-4.31 
cm
 
Estim
ated 
stature 
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The SEE values presented were significantly higher and when comparing the 
SEE with the study conducted by Torimitsu et al. (2014), the SEE for males were 
almost doubled (5.25-7.21 cm). A factor in the discrepancy of the results produced in 
these two studies could be attributed to different variables measured as well as the 
technique used to obtain measurement of the scapula for example, Torimitsu et al. 
(2014) utilized CT scans and Zhang et al. (2016) applied the technique of 3D volume 
rendering (Torimitsu et al., 2014a, Zhang et al., 2016).  
Similarly, like the study conducted by Torimitsu et al. (2014), Campobasso et 
al. (1998) also examined the correlation with stature and aspects of the scapula in a 
contemporary Italian population and revealed a higher correlation between stature 
and scapular in males than females. Giurazza et al. (2013) also explored the use of 
the scapula measurements by CT scan evaluation to estimate stature in Italian 
populations presenting a percentage error between 1.2-5.2% when tested on a 
sample.  
6.2.2. Radius, ulna & humerus 
 
Three studies incorporated the use of the radius, ulna and humerus, two were 
based in the Asia region. Lee et al. (2014) investigated the use of the humerus, radius 
and ulna in estimating stature for a Korean population. In both males and females, 
the maximum length of the ulna displayed high correlation with stature, however, no 
SEE was presented in the study. An approach to estimate stature of the Japanese 
population was explored by Torimitsu et al. (2014) with the use of three-dimensional 
CT, the results of this study was contrasting to those of Lee et al. (2014) with the left 
radial length showing high correlation with stature in both sexes with SEE of 4.09cm 
for males and 4.21cm for females. In males, a combination of the right and left ulnar 
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lengths and right and left radial lengths produced most accurate results with an SEE 
of 4.06cm (Lee et al., 2014, Torimitsu et al., 2014c).  
Mall et al. (2001) studied the contemporary middle European population, 
however, unlike the previous studies discussed above of the Korean and Japanese 
populations, the minimum SEE of 7.50cm presented in this study shows low 
correlations between bones of the upper limb and stature (Mall et al., 2001). 
6.2.3.  Metacarpals 
In the period between 1992 and 2011, three studies looked at the correlation 
between stature and metacarpals. Two of the three studies looked at population 
specific equations of the Egyptian and Turkish populations. Both studies 
incorporated newer methods of obtaining bone measurements through CT and x-rays. 
Sagir et al. (2006) revealed significant correlation between the second metacarpal 
and stature in males with an SEE of 4.53 cm. Similarly, Zaher et al. (2011) revealed 
significant correlation between the third metacarpal length and second and third 
metacarpal width with stature in males of the Egyptian population (Sagir, 2006, 
Zaher et al., 2011). 
Meadows et al. (1992) also investigated metacarpals as an estimator for 
stature. The equations provided from this study are based on individuals from the 
Terry Collection, including black and white males and females. The male equations 
were tested on a modern male sample through radiographs, performing acceptably. 
However, the downside is that the female equations have not been validated, 
meaning the correlation is not seen with equations produced from the Terry 
Collection and a modern female sample (Meadows and Jantz, 1992).
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b to estim
ate stature (continued onto next page) 
A
uthors 
Y
ear 
R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
(bone) 
SE
E  
TSH
 or 
Estim
ated 
stature 
M
eadow
s &
 
Jantz 
1992 
Skeletons + 
Living 
population 
(radiographs) 
M
etacarpals 
B
lack and 
W
hite 
277 
109 m
ales                     
103 
fem
ales                   
65 m
odern 
m
ales 
N
o age 
Five 
4.68-5.96cm
 
Estim
ated 
stature 
C
am
pobasso 
et al. 
1998 
Skeletons 
Scapula 
Southern Italian 
80 
40 m
ales 
40 fem
ales 
25-80 
Seven 
M
ales:3.81-
4.46 cm
 
Fem
ales:4.86-
5.79cm
 
Estim
ated 
stature 
M
all et al. 
2001 
C
adavers 
U
lna and 
radius 
C
ontem
porary 
m
iddle 
European 
143 
64 m
ales 
79 fem
ales 
48-108 
Three 
M
ales: 7.50-
7.73cm
 
Fem
ales: 
7.55-8.35 cm
 
Estim
ated 
stature 
Sagir 
2006 
Living 
population 
(X
-ray) 
M
etacarpals 
Turkish 
200 
100 m
ales 
100 
fem
ales 
over 
20 
Five 
M
ales: 4.24-
5.10 cm
 
Fem
ales: 
3.55-4.27 cm
 
Estim
ated 
stature 
Zaher et al. 
2011 
Living 
population 
(C
T) 
m
etacarpals 
Egyptian 
157 
82 m
ales 
75 fem
ales 
21-40 
Tw
o 
M
ales: 4.53-
4.71 cm
 
Fem
ales: 
5.45-5.87 cm
 
Estim
ated 
stature 
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A
ge 
N
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M
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(bone) 
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E  
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G
iurazza 
et al. 
2013 
Living 
population 
(C
T) 
Scapula 
Italian 
200 
100 m
ales 
100 fem
ales 
42-86 
Tw
o 
M
ales: 1.8-
2.7%
 
Fem
ales: 1.9-
2.5%
 
Estim
ated stature 
Lee et al. 
2014 
C
adavers 
H
um
erus, 
radius &
 
ulna 
K
orean 
105 
55 m
ales   
50 fem
ales 
42-95 
Six 
N
o SEE 
Estim
ated stature 
Torim
itsu 
et al. 
2014 
C
adavers 
(PM
C
T) 
Scapula 
Japanese 
194 
100 m
ales 
94 fem
ales 
21-92 
Four 
M
ales: 3.75-
4.62 cm
  
Fem
ales: 
4.37-6.31 cm
          
A
ll: 4.22-6.14 
cm
 
Estim
ated stature 
Torim
itsu 
et al. 
2014 
C
adavers 
(PM
C
T) 
R
adius &
 
ulna 
Japanese 
224 
123 m
ales 
122 fem
ales 
20-91 
Four 
M
ales: 4.06-
4.17cm
 
Fem
ales: 
4.19-4.20cm
           
A
ll: 4.18-4.72 
cm
 
Estim
ated stature 
Zhang et 
al. 
2016 
Living 
population 
(radiological 
anthropom
etry) 
Scapula 
C
hinese 
414 
224 m
ales 
190 fem
ales 
24-78 
Eight 
M
ales:5.25-
7.21 cm
 
Fem
ales:4.63-
6.48 cm
 
Estim
ated stature 
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6.3.  Sternum & Clavicle  
Of the 66 articles, nine examined the correlation between the sternum and 
stature and one article investigated the use of the clavicle to estimate stature. All of 
the ten articles in this section are highly population specific, primarily investigating 
the Indian population as well at the Japanese, Chinese and Turkish populations 
(Table. 6.3).  
6.3.1.  Clavicle 
 
Torimitsu et al. (2017) has conducted significant amounts of research on 
stature estimation as discussed previously with the radius, ulnar and scapula of the 
Japanese population using CT as a technique to obtain measurements. The use of the 
clavicle as a predictor for stature has also been studied by Torimitsu et al. (2017), the 
evidence provided in this study demonstrates significant correlation between stature 
and the clavicle, specifically the left acromial ends in both sexes 3.55 cm in males 
and 3.43 cm in females.  
6.3.2.  Sternum 
 
Surprisingly, based on the results, the sternum was one of the most highly 
researched bone utilized to estimate stature. The sternum is a fairly new skeletal 
element to be incorporated largely in the use of estimating stature with studies 
occurring between 2009-2017. Four of nine articles were based in India. Menezes et 
al. (2009) explored the correlation between the sternum and stature in a South Indian 
male population, producing a SEE of 5.64cm suggesting sufficient correlation with 
stature (Menezes et al., 2009). The South Indian female population was also 
researched by Menezes et al. (2011), contrasting to the previous study of South 
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Indian males, the sternum in females showed significantly high correlation with 
stature with a low SEE of 4.11 cm (Menezes et al., 2011).  
In 2016, Tumram and authors conducted a study on the sternum of autopsied 
males also of the Indian population. The SEE produced by this study of 7.40-8.50 cm 
was greater than the SEE’s presented in previous studies investigating the Indian 
population, suggesting lower correlation between stature and the sternum (Tumram 
et al., 2016). A study conducted by Gupta and Kumar (2017) on the Central Delhi 
population also revealed a weak correlation between stature and the sternum with a 
minimum SEE of 6.524 cm associated with the length of the manubrium (Gupta and 
Kumar, 2017).  Generally, as seen by the results the sternum as a predictor for stature 
in the Indian population is insignificant, aside from the SEE produced for the South 
Indian female population. This could be due to several reasons such as variation in 
the technique used to obtain measurements of the sternum and the variables being 
investigated. 
When analysing the SEE’s produced for the Portuguese and Spanish 
population by Marinho et al. (2012) and MacAluso and Lucena (2014), the 
correlation observed between the sternum and stature in the two individual studies 
suggests that the sternum is not an accurate estimator for stature in the Portuguese 
(SEE 6.59 cm) and Spanish (SEE 5.56-6.20 cm) populations (Marinho et al., 2012, 
MacAluso Jr and Lucena, 2014). Yonguc et al. (2014) examined the sternum to 
estimate stature for a Turkish population which revealed both sexes exhibiting high 
correlation with total sternal length and similar to the study by Gupta et al. (2017) a 
low correlation with the length of the manubrium was observed (Yonguc et al., 2014, 
Gupta and Kumar, 2017).  
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Aspects of the sternum in relation to stature was also investigated for 
Japanese and Western Chinese populations. Torimitsu et al. (2014) attempted to view 
the correlation between the sternal medullary cavity and stature in a Japanese 
population using CT of cadaveric material. Statistical analysis revealed moderate 
correlation of the sternum and stature in a Japanese population, with males showing 
stronger correlation with a minimum SEE of 4.82cm compared to an SEE of 5.73 cm 
for females (Torimitsu et al., 2014b). The Western Chinese population was explored 
by Zhang and colleagues (Zhang et al., 2015b) also with the use of CT. Likewise, the 
results presented by Torimitsu et al. (2014), a higher correlation between sternum 
and stature was observed in males (SEE 4.76 cm) than females (6.73 cm). This 
suggests that the sternum is a slightly significant predictor of stature in males of the 
Japanese and Western Chinese populations than females of the same population 
(Zhang et al., 2015b, Torimitsu et al., 2014b).  
The population specificity of the above discussed studies utilizing the clavicle 
and sternum as a means of estimating stature shows that there is decreased accuracy 
due to relatively high SEE’s presented. Many authors also applied high level of 
emphasis on the application of the equations on the population it was recommended 
for, thus not being fit for the application on diverse populations.  
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A
uthors 
Y
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R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
of bone 
SE
E  
TSH
 or 
Estim
ated 
stature 
M
enezes 
et al. 
2009 
C
adavers 
Sternum
 
South Indian 
35 
35 m
ales 
20-83 
O
ne 
5.64cm
 
Estim
ated 
stature 
M
enezes 
et al. 
2011 
C
adavers 
Sternum
 
South Indian 
40 
40 fem
ales 
25-35 
O
ne 
4.11cm
 
Estim
ated 
stature 
M
arinho 
et al. 
2012 
C
adavers 
sternum
 
Portuguese 
45 
45 m
ales 
18-90 
O
ne 
6.59cm
 
Estim
ated 
stature 
Torim
itsu 
et al. 
2014 
C
adavers      
(PM
C
T) 
Sternum
 
Japanese 
215 
107 m
ales                    
108 fem
ales 
21-94 
Tw
o 
M
ales: 4.82-
5.56cm
 
Fem
ales 5.73-
5.91cm
 
Estim
ated 
stature 
M
acA
luso 
&
 Lucena 
2014 
C
adavers     
(digital 
radiography) 
Sternum
 
C
ontem
porary 
Spanish 
117 
65 m
ales                         
52 fem
ales 
26-82 
O
ne 
M
ales: 6.20cm
       
Fem
ales: 
5.56cm
 
Estim
ated 
stature 
Y
onguc et 
al. 
2014 
C
adavers 
Sternum
 
Turkish 
95 
65 m
ales                         
30 fem
ales 
25-40 
Four 
M
ales: 0.031-
0.0103m
m
           
Fem
ales: 
0.059-1.173 
m
m
 
Estim
ated 
stature 
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A
uthors 
Y
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 R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
of bone   
SE
E  
TSH
 or 
Estim
ated 
stature 
C
handrakanth 
et al. 
2015 
C
adavers  
Sternum
 
South Indian 
117 
67 m
ales                          
50 fem
ales  
20-80 
Five  
8.67-10.25cm
 
Estim
ated 
stature 
Zhang et al. 
2015 
Live 
population 
(C
T) 
Sternum
 
W
estern 
C
hinese 
288 
164 m
ales                    
124 fem
ales 
19-78 
Tw
o  
M
ale: 4.76cm
 
Fem
ale: 6.73cm
 
Estim
ated 
stature 
Tum
ram
 et 
al. 
2016 
C
adavers       
(D
irect 
m
easurem
ent)  
Sternum
 
Indian 
92 
92 m
ales  
21-70 
Three   
7.4-8.5 cm
 
Estim
ated 
stature 
G
upta &
 
K
um
ar 
2017 
C
adavers        
(D
irect 
m
easurem
ent)  
Sternum
 
C
entral 
D
elhi (India) 
66 
66 m
ales 
25-85 
Three  
6.52-7.45cm
 
Estim
ated 
stature 
Torim
itsu et 
al. 
2017 
C
adavers 
(PM
C
T) 
C
lavicle 
M
odern 
Japanese 
249 
131 m
ales 
118 fem
ales 
21-89 
Four  
M
ales: 3.55-
4.65cm
 
Fem
ales:3.43-
4.36cm
             
A
ll: 3.62-4.87 
cm
 
Estim
ated 
stature 
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6.4.  Vertebral column & Pelvis 
Several researchers studied the use of various segments of the vertebral 
column and pelvis to estimate stature. The results of this review display 10 studies in 
total between 1981-2015 using these bony elements (Table 6.4). A number of 
populations such as the American and African Blacks & Whites, Japanese, 
Anatolian, Chinese, German, Turkish and French were examined to view the 
correlation between the above named bony elements and stature. 
6.4.1.  Vertebral column  
 
The search for the scoping review revealed six studies investigating the 
segments of the vertebral column. A study conducted by Jason and Taylor (1995) 
displays a somewhat diverse population of American Whites and Blacks and the use 
of the cervical, thoracic and lumbar segments of the vertebral column to estimate 
stature. Statically, the thoracic-lumbar segment showed significant correlation to 
stature particularly in black females with the lowest SEE of 2.60cm (Jason and 
Taylor, 1995). Although investigating American Whites and Blacks, the authors have 
highlighted the importance to apply equations to either American Whites or Blacks 
only. 
 Another study using more than one segment of the vertebral column was 
conducted by Tibbets (1981).  The segments of C2-L5 of an American Black 
population was examined, however, the SEE’s produced in the study were higher 
than that of Jason and Taylor (1995). The T12-L4 segment showed more accurate 
results for black males (SEE 54.72 mm) and the C2-L4 in females (SEE 53.09 mm) 
(Tibbetts, 1981). Torimitsu et al. (2015) attempted to study the correlation between 
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the second cervical vertebrae (C2), however, a low correlation was observed between 
C2 and stature in Japanese subjects (Torimitsu et al., 2015a). 
Other population specific studies include those of Zhang et al. (2015). A 
Chinese population studied through radiologic anthropometry showed high 
correlation between the lumbar vertebrae segment and stature. Females displayed 
lower SEE values than males, with the heights of the central vertebral body reflecting 
most accurate results (SEE 3.45cm) (Zhang et al., 2015a). The study by Klein et al 
(2015) also encompassed the lumbar segment to produce equations for a German 
male population and exhibited a higher SEE of 5.90 cm, suggesting that the lumbar 
segment may not be an accurate estimator of stature in a German population.  
Three studies viewed the sacrum to estimate stature. The sacral and coccygeal 
vertebrae of a Turkish male population was studied through magnetic resonance 
imaging (MRI) technique by Pelin et al. (2005) (Pelin et al., 2005). The results of the 
study showed low correlation between the vertebral segments being investigated. 
Sacra from the Raymond A. Dart collection was utilized by Pininski and Brits (2014) 
to study the application of the sacrum to estimate stature for a South African white 
and black population (Pininski and Brits, 2014). Through the six sacral variables 
measured, the S1 demonstrated stronger correlations to stature in black males and the 
S1 & S2 segments in white males and black females, however, the SEE’s presented 
for this group were lower than those stated in the study by Pelin et al. (2005) 
excluding the high SEE shown in white males (Pelin et al., 2005) (Pininski and Brits, 
2014). The highest correlation between the sacrum and stature was seen in an 
Anatolian Caucasian population, which included the use of CT to obtain 
measurements of the sacrum (SEE 54.6-56.9 mm) (Karakas et al., 2011). 
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Features of the pelvic bone was of interest in reference to estimating stature 
in a Japanese and French population. Torimitsu et al. (2015) used the technique of 
3D CT, much like other studies conducted by this author to evaluate the correlation 
between the pelvic and stature in a Japanese population (Torimitsu et al., 2015b). 
Interestingly, certain features of the pelvis (linear distance from the anterosuperior 
margin of the left anterior superior iliac spines to the anteroinferior margin of the left 
ischial tuberosity) showed strong correlations to stature in Japanese males with a low 
SEE of 3.72 cm. A contrasting result was observed in the study by Macaluso (2015), 
who demonstrated use of the acetabulum of the pelvis to estimate stature of French 
skeletons. For both sexes, a high SEE of 6.00-6.10 cm in males and 5.70-6.00 cm in 
females were presented , further suggesting low accuracy of the acetabulum as a 
predictor of stature in French populations (Macaluso, 2015).  
From the studies conducted using the vertebral segments and pelvic 
measurements, the studies using the technique of CT has revealed higher correlation 
between bone and stature. This could be a factor in the variation of results observed 
through these studies as well as the sample being different between studies including 
skeletons, live individuals or cadaveric specimens.  
No studies using the vertebral column and pelvic features revealed any 
equations that could potentially be applied in an Australian setting. 
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A
uthors  
Y
ear 
 R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
(bone)  
SE
E                                   
TSH
 or 
Estim
ated 
stature 
Jason 
and 
Taylor 
1995 
Skeletons 
V
ertebral 
colum
n 
A
m
erican 
B
lacks &
 
W
hites 
299 
167 W
hite 
m
ales 58 
W
hite 
fem
ales 43 
B
lack m
ales 
31 B
lack 
fem
ales  
18-86 
Three  
W
hite m
ales= 5.29-
6.66cm
 
W
hite fem
ales=5.32-
7.11 cm
 
B
lack m
ales= 5.09-6.74 
cm
 
B
lack fem
ales= 2.60-
5.41cm
 
Estim
ated 
stature 
Tibbetts 
1981 
Skeletons 
V
ertebral 
colum
n 
(C
2-L5) 
A
m
erican 
B
lacks 
(Terry 
C
ollection) 
200 
100 m
ales      
100 fem
ales  
19-50 
Tw
enty-three 
M
ales: 54.72-67.89 m
m
 
Fem
ales: 53.09-68.33 
m
m
 
Estim
ated 
stature 
Pelin et 
al. 
2005 
Live 
population 
(M
R
I) 
Sacrum
 
&
 coccyx 
Turkish 
42 
42 m
ales  
45-81 
Seven   
64.0-72.8 m
m
 
Estim
ated 
stature 
N
agesh 
et al. 
2006 
C
adavers 
(autopsied) 
V
ertebral 
colum
n 
South 
Indian 
117 
72 m
ales         
45 fem
ales 
20-50 
Three  
M
ales: 4.38-5.65cm
           
Fem
ale: 4.16-5.58cm
 
Estim
ated 
stature 
K
arakas 
et al. 
2011 
Live 
population 
(C
T) 
Sacrum
 
A
natolian 
C
aucasian 
109 
66 m
ales             
43 fem
ales  
18-74 
O
ne  
M
ales: 56.9m
m
              
Fem
ales: 54.6 m
m
 
Estim
ated 
stature 
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T
able 6.4 A
rticles investigating the vertebral colum
n and pelvis to estim
ate stature (continued) 
A
uthors  
Y
ear 
 R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
(bone)  
SE
E                                   
(Standard 
error of 
estim
ate) 
TSH
 or 
Estim
ated 
stature 
Pininski 
&
 B
rits 
2014 
Skeletons 
Sacrum
 
South 
A
frican 
210 
101 
m
ales         
109 
fem
ales  
N
o 
age  
Six  
B
lack m
ales: 
63.1-70.7 m
m
 
B
lack fem
ales: 
59.8-69.3 m
m
 
W
hite m
ales: 
81.1-87.8 m
m
 
W
hite fem
ales: 
62.0-67.6 m
m
  
Estim
ated stature 
K
lein et 
al. 
2015 
C
adavers (C
T) 
Lum
bar 
vertebrae 
G
erm
an 
42 
42 m
ales  
20-
64 
N
ine  
5.90cm
  
Estim
ated stature 
M
acaluso 
2015 
Skeletons 
(Photographs) 
A
cetabulum
 
of pelvis 
French 
69 
36 m
ales         
33 
fem
ales 
34-
79 
Three  
M
ales: 6.0-6.1 
cm
        
Fem
ales: 5.7-
6.0 cm
 
Estim
ated stature 
Torim
itsu 
et al. 
2015a 
C
adavers (C
T) 
Second 
cervical 
vertebrae 
Japanese 
216 
116 
m
ales       
100 
fem
ales  
22-
95 
Three  
M
ales:  
5.81-5.46 cm
 
Fem
ales:  
6.58-7.42 cm
 
Estim
ated stature 
Torim
itsu 
et al. 
2015b 
C
adavers (C
T) 
Pelvis 
Japanese 
210 
108 
m
ales         
102 
fem
ales  
20-
95 
Four 
M
ales: 3.72-
5.14 cm
 
Fem
ales: 5.02-
5.57 cm
           
A
ll subjects: 
4.40-5.56 cm
 
Estim
ated stature 
Zhang et 
al. 
2015a 
Live 
population 
(R
adiologic 
anthropom
etry) 
Lum
bar 
vertebrae 
C
hinese 
412 
206 
m
ales        
206 
fem
ales 
20-
84 
Sixteen  
M
ales: 4.13 cm
 
Fem
ales: 
3.45cm
 
Estim
ated stature 
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6.5. Lower limb (Femur, tibia, fibula) 
Nine studies identified from the search integrated the lower limb in research 
to evaluate the effectiveness between bones of the lower limb to estimate stature. It 
has been highlighted by many researchers that the bones of the lower limb are the 
most accurate predictor of stature as they contribute most to an individual’s living 
height (Wilson et al.,2010). A range of studies were conducted on populations such 
as the South African of European Descent, Indigenous South African (ISA), Thai, 
Japanese, Polish and American Blacks and Whites to observe the correlation between 
stature and bones of the lower limb including the femur, tibia and fibula between the 
years of 1992-2015 (Table 6.5).  
Four of the nine studies, investigated fragmentary bone in estimating stature. 
The correlation between fragmentary tibia and stature of South African’s of 
European Descent was studied by Chibba and Bidmos (2007). A high SEE of 6.52-
6.71 cm in males and 5.20-5.94 cm were observed in this study due to bone 
fragmentation, suggesting alternative measures to estimate stature for the given 
population. Another study by Bidmos (2008) looked at fragmentary femora of the 
Indigenous South African population (ISA) for the estimation of stature. 
Surprisingly, although fragmented bone was used to estimate stature in this study, 
high correlations were seen between femur length and stature. Highest correlation 
was seen in males with an SEE of 3.72 cm with the medial condyle length and 
bicondylar breath of the femur (Bidmos, 2008c). Bidmos (2008) also investigated the 
use of fragmentary femora in South African of European Descent populations. In 
comparison to fragmentary tibia of the same population, fragmentary femora in 
particular the lateral condyle length displayed stronger correlations with stature with 
the lowest SEE of 3.71 cm shown in females (Bidmos, 2008c). The studies 
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conducted on South Africans of European Descent can be investigated on diverse 
populations such as South Africans of European Descent that represent migrants 
from Netherlands, France, UK, Germany and other European countries (Bidmos, 
2008c).  
Simmons et al. (1990) conducted a study on fragmentary femur using the 
skeletons from the Terry Collection. The sample represented American blacks and 
whites. Interestingly, the correlation between femur and stature seen in this study is 
not significant when compared to other studies. A high SEE was produced between 
5.47-7.16 cm across all individuals. This could be due to the change in bone length 
overtime, as modern individuals in the study displayed longer femur length 
(Simmons et al., 1990).  
The relations between femur, tibia and stature of a Thai population was 
studied by Fongkete et al. (2015). As expected, the femur displayed lower SEE 
values than the tibia, with the upper breath of femur expressing highest correlation 
with stature in Thai males (Fongkete et al., 2015). In 2015, Hishmat and authors 
investigated several bones of the lower limb (femur, tibia, fibula and first metatarsus) 
and their application in stature estimation of Japanese individuals. Virtual CT 
morphometry were used to obtain measurements of the bones of the lower limb, as 
anticipated the femur displayed higher correlations with stature than the first 
metatarsal which showed the highest SEE values (SEE 4.81-8.57 cm) (Hishmat et al., 
2015).  
The femur was assessed independently in two studies. The Japanese and 
Polish populations noted a strong correlation between femur and stature. A low SEE 
value of (3.40-4.30 cm) was observed in the study by Baba et al. (2016) of Japanese 
individuals, in which 3D CT was used to obtain bone measurements (Baba et al., 
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2016). In the study by Hauser et al. (2005) females of a Polish population displayed 
strong correlations with femur with a low SEE of 17.70 mm compared to males (SEE 
29.94 mm) (Hauser et al., 2005). 
6.6. Foot bones 
Of the total number of articles selected for the review, seven studies 
examined the effectiveness of bones of the foot such as metatarsals and calcaneus to 
estimate stature (Table 6.6). Three of the seven articles were based in South Africa, 
with the sample consisting of skeletons from the Raymond A. Dart Collection. 
Bidmos and Asala (2005) examined the usefulness of the calcaneus in estimating 
stature of a South African black population (Bidmos and Asala, 2005). The 
correlation between the calcaneus and stature in South African blacks were higher 
when a combinations of variables were used. In males the maximum height, middle 
breadth and dorsal articular facet showed the strongest correlation (SEE 4.90 cm). 
Females displayed a stronger correlation than males with a combination of load arm 
length, body height and dorsal articular facet of the calcaneus (SEE 4.01 cm) 
(Bidmos and Asala, 2005). 
The same study was conducted by Bidmos (2006) on skeletons from the 
Raymond A. Dart Collection of South Africans of European Descent. The values 
presented in this study with a range SEE of 4.27-5.95 cm in males and 4.22-5.88 in 
females are slightly higher than the values of the South African blacks. However, the 
values show moderate to significant correlation between aspects of the calcaneus and 
stature in South Africans of European descent (Bidmos, 2006). As stated above in the 
discussion regarding the equations for fragmentary bone of South Africans of 
European descent, the study presented in relation to the calcaneus of this population 
provide potential stature estimation equations for diverse populations. 
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A
uthors 
Y
ear 
R
esources 
B
one 
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Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
(bone) 
SE
E (standard error of 
estim
ate) 
TSH
 or 
Estim
ated 
stature 
Sim
m
ons 
et al. 
1990 
Skeletons 
Fragm
entary 
fem
ora 
B
lacks &
 
W
hites 
800 
400 m
ales 
400 
fem
ales 
N
o 
age 
N
ine 
W
hite m
ales: 6.10-6.77 cm
 
B
lack m
ales:6.60-6.92 cm
 
W
hite fem
ales:5.77-7.16 
cm
 
B
lack fem
ales: 5.47-6.00 
cm
 
Estim
ated stature 
H
auser 
et al. 
2005 
C
adavers 
Fem
ur 
C
ontem
porary 
Polish 
91 
71 m
ales    
20 fem
ales 
19-81 
O
ne 
M
ales: 29.94-30.49 m
m
 
Fem
ales: 17.70-21.73 m
m
 
Estim
ated stature 
C
hibba 
and 
B
idm
os 
2007 
Skeletons 
Fragm
entary 
tibia 
South A
frican 
of European 
D
escent 
100 
50 m
ales     
50 fem
ales 
46-75 
Six 
M
ales: 6.52-6.71cm
  
Fem
ales: 5.20-5.94cm
 
TSH
 &
 
Estim
ated stature 
B
idm
os 
2008 
Skeletons 
Fragm
entary 
fem
ora 
South A
frican 
of European 
D
escent 
100 
50 m
ales    
50 fem
ales 
29-75 
Seven 
Fragm
ented bone:  
M
ales: 4.80-5.31 cm
 
Fem
ales:3.71-3.95 cm
  
Intact long bone: 
M
ales: 2.17-2.21 cm
 
Fem
ales: 3.71-3.95 cm
 
Estim
ated stature 
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A
uthors 
Y
ear 
R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
e
nts (bone) 
SE
E (standard error 
of estim
ate) 
TSH
 or Estim
ated 
stature 
B
idm
os 
2008 
Skeletons 
Fragm
entary 
fem
ora 
Indigenous 
South 
A
frican 
(ISA
) 
100 
50 m
ales     
50 fem
ales 
46-75 
Seven 
M
ale= 3.72-4.36 cm
 
Fem
ale=3.82-4.18cm
 
Estim
ated stature 
K
ieffer 
2010 
Live 
population 
(radiographi
c im
ages) 
Tibia &
 
fibula 
W
hite 
83 
83 fem
ales  
19-88 
Tw
o  
M
ean of SEE 
presented  0.32-0.36 
cm
 
Estim
ated stature 
Fongkete 
et al. 
2015 
Skeletons 
Fem
ur &
 
tibia 
Thai 
255 
159 m
ales 
96 fem
ales 
26-91 
Seven 
Fem
ur: 5.15-6.42 cm
 
Tibia: 5.79-6.71 cm
 
Estim
ated stature 
H
ishm
at 
et al. 
2015 
C
adavers 
(A
utopsied 
&
 C
T) 
Fem
ur, tibia, 
fibula &
 first 
m
etatarsal 
(C
T)  
Japanese 
259 
150 m
ales 
109 
fem
ales 
19-97 
Eight 
4.81-8.57cm
  
Estim
ated stature 
B
aba et 
al. 
2016 
C
adavers 
Fem
ur 
Japanese 
195 
105 m
ales 
90 fem
ales 
20-94 
Five 
3.60-4.30 cm
 
Estim
ated stature 
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A group of foot bones including the calcaneus, metatarsal and phalanx have 
been investigated by Gwani et al. (2017). The study was based in Nigeria, however, 
the population being examined for the application of the equations being created 
were not highlighted. The study looked radiographic measurements of the truncated 
foot length versus full foot length in estimating stature, surprisingly the truncated 
foot length showed significant correlation with stature, with the lowest SEE value of 
3.93 cm (Gwani et al., 2017). Due to no population being highlighted in the study, 
nor the authors outlining the application of the provided equations to a certain 
population; the equations provided in this study should be tested on diverse 
populations (Gwani et al., 2017).  
Four articles explored the relationship between metatarsals and stature in 
several populations including Indigenous South Africans (ISA) and South Africans 
of European Descent (SAED), Portuguese and Spanish. The lowest values of SEE 
were presented by Bidmos (2008), suggesting high correlations between stature and 
the ISA and SAED populations. The ISA group showed slightly lower SEE’s (SEE 
3.81-4.62 cm) than the SAED (SEE 4.10-5.07 cm) groups. The second and fourth 
metatarsal reflected high correlation in all groups excluding the male ISA group 
(Bidmos, 2008b). Again, since the SAED group is fairly diverse, the equations from 
this study provided for the SAED group should be tested on diverse skeletons in an 
Australian setting. 
Two studies studied the application of the mathematical method using 
metatarsals in a Portuguese population. Codeiro et al. (2009) provided equations after 
validating them on the Identified Skeletal Collection of the Museum of Anthropology 
of Coimbra University. Resulting from this, the SEE provided of 41.7-57.0 mm in 
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males and 43.5-47.6 mm in females presented moderate to significant correlation 
with stature (Cordeiro et al., 2009). The highest correlation with stature was seen 
with the second metatarsal. A similar outcome was seen in the study by Rodriguez et 
al. (2014), a technique of CT was applied to obtain measurements of the metatarsal 
bones. The results displayed a positive correlation between stature and the first 
metatarsal in males and the first metatarsal in females of a Portuguese population. 
Rodriguez et al. also conducted a similar study using x-rays to measure metatarsal 
bones of a Spanish group. The SEE’s presented were somewhat higher that the study 
conducted on Portuguese populations, with the first metatarsal displaying the highest 
correlation in both sexes (Rodríguez et al., 2014). 
6.7. Combination of bones (upper & lower limb) 
A large component of twelve articles investigated a combination of upper and 
lower limb bones to estimate stature, two of which were technical note articles. This 
result was predicted as generally a combination of bones usually provide an 
increased level of accuracy when estimating stature (Choi et al., 1997). This could 
not fit into one category of either upper or lower limb hence the addition of a section 
looking at a combination of upper and lower limb bones (Table 6.7).  
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 A
uthors  
Y
ear 
R
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B
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Sam
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size 
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A
ge 
N
o. of 
M
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ents 
SE
E  
TSH
 or Estim
ated 
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B
idm
os 
and 
A
sala 
2005 
Skeletons 
C
alcaneus 
South 
A
frican 
B
lacks 
116 
60 m
ales   
56 fem
ales 
22-75 
N
ine  
M
ales: 4.90-5.11 cm
 
Fem
ales: 4.01-4.35 cm
 
Estim
ated stature 
B
idm
os 
2006 
Skeletons 
C
alcaneus 
South 
A
fricans of 
European 
D
escent 
85 
41 m
ales   
44 fem
ales 
22-75 
N
ine  
M
ales:  
4.27-5.95 cm
 
Fem
ales: 
4.22-5.88 cm
 
Estim
ated stature 
B
idm
os, 
2008 
2008 
Skeletons 
M
etatarsal 
Indigenous 
South 
A
fricans 
(ISA
) &
 
South 
A
fricans of 
European 
D
escent 
(SA
ED
) 
226 
60 m
ales   
53 fem
ales 
(ISA
),          
58 m
ales    
55 fem
ales 
(SA
ED
) 
29-75 
Six  
ISA
: 3.81-4.62 cm
                 
SA
ED
: 4.10-5.07 cm
 
Estim
ated stature 
C
ordeiro 
et al. 
2009 
C
adavers  
M
etatarsal 
C
aucasoid 
Portuguese 
110 
90 m
ales    
20 fem
ales  
20-75 
Four   
M
ales: 
 41.7-57.0m
m
 
Fem
ales:  
43.5-47.6m
m
 
U
nknow
n sex:  
47.5-55.2m
m
 
Estim
ated stature 
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Table 6.6 A
rticles investigating foot bones to estim
ate stature (continued) 
 A
uthors  
Y
ear 
R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
SE
E  
TSH
 or Estim
ated 
stature 
B
idm
os 
and 
A
sala 
2005 
Skeletons 
C
alcaneus 
South 
A
frican 
B
lacks 
116 
60 m
ales   
56 fem
ales 
22-75 
N
ine  
M
ales: 4.90-5.11 cm
 
Fem
ales: 4.01-4.35 cm
 
Estim
ated stature 
B
idm
os 
2006 
Skeletons 
C
alcaneus 
South 
A
fricans of 
European 
D
escent 
85 
41 m
ales   
44 fem
ales 
22-75 
N
ine  
M
ales:  
4.27-5.95 cm
 
Fem
ales: 
4.22-5.88 cm
 
Estim
ated stature 
B
idm
os, 
2008 
2008 
Skeletons 
M
etatarsal 
Indigenous 
South 
A
fricans 
(ISA
) &
 
South 
A
fricans of 
European 
D
escent 
(SA
ED
) 
226 
60 m
ales   
53 fem
ales 
(ISA
),          
58 m
ales    
55 fem
ales 
(SA
ED
) 
29-75 
Six  
ISA
: 3.81-4.62 cm
                 
SA
ED
: 4.10-5.07 cm
 
Estim
ated stature 
C
ordeiro 
et al. 
2009 
C
adavers  
M
etatarsal 
C
aucasoid 
Portuguese 
110 
90 m
ales    
20 fem
ales  
20-75 
Four   
M
ales: 
 41.7-57.0m
m
 
Fem
ales:  
43.5-47.6m
m
 
U
nknow
n sex:  
47.5-55.2m
m
 
Estim
ated stature 
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The twelve articles published in the period between 1989-2018 and explore 
many population specific applications of the mathematical method. Of the 12 
articles, four articles were based in the Asia region of the world, investigating the 
Korean, Japanese, Thai and Chinese populations. Hasegawa et al. (2009) presented 
the lowest SEE values of 2.16-2.54 cm within all the studies in the Asia region 
investigating a combination of bones to estimate stature. A technique of dual-energy 
x-ray absorptiometry was applied to obtain bone measurements, with the bones of the 
lower limb proving to be the most accurate estimators of stature for a Japanese 
population (Hasegawa et al., 2009).  
The Korean male population displayed exceptionally strong correlations with 
an SEE of 3.11-3.95 cm and highlighted the favorability of combination of bones to 
estimate stature in comparison to single bones (Choi et al., 1997). Interestingly, 
regardless of the fact that a combination of upper and lower limb bones used to 
estimate stature in a Thai population, the SEE values were significantly higher when 
compared to the studies of the Japanese and Korean populations (Choi et al., 1997, 
Hasegawa et al., 2009, Mahakkanukrauh et al., 2011). The Thai population presented 
mixed results with the three (femur, tibia and fibula) bones of the lower limb 
showing more correlation in males and the femur revealing the most accurate 
predictor of stature (SEE 5.10 cm), followed by the radius (Mahakkanukrauh et al., 
2011). The reason for the high SEE produced even from the lower limb bones are 
unknown, there could be several explanations for this. 
A combination of the upper and lower limb bones was explored for a Chinese 
male population by Xiang-Qing (1989). As expected, the statistical results with an 
SEE of 3.62-4.21 cm revealed significant correlation between the bones of the lower 
limb of Chinese males than the bones of the upper limb (Xiang-Qing, 1989). The 
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Spanish and Croatian populations evaluating the same combination of bones 
(humerus, radius, ulna, femur, tibia and fibula) both presented statistically significant 
results. The Croatian population was examined through radiography which revealed 
high correlation between stature and tibia in males (SEE 2.00 cm) with an opposing 
result for females displaying higher correlation to the humerus (SEE 4.15 cm) 
(Petrovecki et al., 2007). The Spanish population displayed higher correlation to the 
bones of the lower limb with stature once bones were examined through a 
radiographic technique. Females revealed higher correlation to the femur, whereas 
males’ stature was highly correlated with the tibia. Similar to other studies, the bones 
of the upper limb (radius and ulna) displayed low correlation with stature in the 
Spanish population (Muñoz Barús et al., 2001). 
The examination of stature and the humerus, tibia and femur of the Mexican 
population in relation to stature was conducted by Menendez Garmendia et al. 
(2018). Similarly, the males of the Mexican group displayed high correlations with 
the tibia (3.80 cm) with the femur proving to be the most accurate estimator of 
stature in females (4.15 cm) (Menéndez Garmendia et al., 2018).  
A study conducted by Dayal et al. (2008) examined the South African Whites 
population using the bones of the lumbar spine and the upper and lower limb. 
Through statistical analysis the combination of the lumbar spine, femur and tibia 
showed great significance to stature in both sexes with a minimum SEE of 1.92 cm 
in males and 1.35 cm in females (Dayal et al., 2008). Due to the fact that South 
African Whites display diversity, the equations provided from this study should be 
tested on the skeletons of the contemporary Australian population.  
One study of the 66 investigated non-population specific equations to 
estimate stature. The study by Albanese et al. (2016) included individuals from the 
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Terry collection, Forensic Anthropology Databank and the Lisbon Collection. A 
significant correlation was seen when the generic equation produced in this study 
was testing providing an SEE of 4.22-5.92 cm. When looking at sex specific 
equations, the tibia provided a lower SEE in females and the combination of the 
humerus, tibia and femur in males. This study is a significant finding in this scoping 
review and provides a basis for applying generic equations to the skeletons of the 
diverse Australian population (Albanese et al., 2016).  
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 Table 6.7 A
rticles investigating a com
bination of upper &
 low
er lim
b bones to estim
ate stature (continued onto next page) 
A
uthors 
Y
ear 
 R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents  
SE
E
 
TSH
 or 
Estim
ated 
stature 
X
iang-
Q
ing 
1989 
C
adavers 
(forensic 
cases, direct 
m
easurem
ent) 
H
um
erus, 
radius, 
ulna, 
fem
ur, 
tibia, fibula 
C
hinese 
472 
472 m
ales 
21-80 
Six 
3.62-4.21 cm
 
Estim
ated 
stature 
C
hoi et al. 
1997 
C
adavers  
H
um
erus, 
radius, 
ulna, 
fem
ur, 
tibia, fibula 
K
orean 
57 
57 m
ales 
20-86 
Six   
3.11-3.95cm
 
Estim
ated 
stature 
D
e 
M
endonça 
2000 
C
adavers  
H
um
erus &
 
fem
ur 
C
aucasian 
Portuguese 
200 
100 m
ales       
100 fem
ales 
20-59 
Three  
M
ales:  
14.59-19.82m
m
 
Fem
ales:  
14.64-20.61m
m
 
Estim
ated 
stature 
M
uñoz 
B
arús et 
al. 
2001 
Living 
population 
(radiographs) 
H
um
erus, 
radius, 
ulna, 
fem
ur, 
tibia, fibula  
Spanish 
104 
52 m
ales         
52 fem
ales 
20-40 
Six  
M
ales: 3.03-3.93 
cm
 
Fem
ales: 3.61-
5.18 cm
 
U
nknow
n sex: 
3.81-4.62 cm
 
Estim
ated 
stature 
Petrovecki 
et al. 
2007 
C
adavers 
(R
adiographic 
im
ages) 
H
um
erus, 
radius, 
ulna, 
fem
ur, 
tibia, fibula 
C
roatian 
43 
21 m
ales 19 
fem
ales 
31-86 
Six  
M
ales: 2.00-2.56 
cm
 
Fem
ales : 4.15-
5.21 cm
  
Estim
ated 
stature 
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 Table 6.7 A
rticles investigating a com
bination of upper &
 low
er lim
b bones to estim
ate stature (continued onto next page) 
A
uthors 
Y
ear 
R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents 
SE
E
 
TSH
 or 
Estim
ated 
stature 
D
ayal et 
al. 
2008 
Skeletons      
(D
irect 
m
easurem
ent) 
H
um
erus, 
radius, ulna, 
lum
bar 
spine, 
fem
ur, tibia 
&
 fibula 
South 
A
frican 
W
hites 
169 
98 m
ales         
71 fem
ales 
25-70 
Six 
M
ales: 1.92-5.54cm
 
Fem
ales: 1.35-
4.59cm
 
Total skeletal 
height  &
 
estim
ated stature 
H
asegaw
a 
et al. 
2009 
Living 
population 
(X
-ray) 
Fem
ur, tibia 
&
 hum
erus 
Japanese 
434 
92 m
ales       
342 fem
ales 
18-59 
Three 
2.16-2.54 cm
 
Estim
ated stature 
W
ilson et 
al. 
2010 
Skeletal 
database 
H
um
erus, 
radius, ulna, 
fem
ur, tibia, 
fibula 
A
m
erican 
B
lacks &
 
W
hites 
242 
N
um
ber of 
m
ales &
 
fem
ales not 
outlined 
B
irth 
years 
over 
1944 
Six 
N
o SEE 
Estim
ated stature 
M
ahakkan
ukrauh et 
al. 
2011 
Skeletons 
(D
irect 
m
easurem
ent) 
H
um
erus, 
radius, ulna, 
fem
ur, tibia, 
fibula 
Thai 
200 
132 m
ales       
68 fem
ales 
19-93 
N
ine 
M
ales: 4.89-5.79 cm
 
Fem
ales: 5.10-6.05 
cm
 
U
nknow
n sex: 5.27-
5.97cm
 
Estim
ated stature 
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 Table: 6.7 A
rticles investigating a com
bination of upper &
 low
er lim
b bones to estim
ate stature (continued) 
  
A
uthors 
Y
ear 
 R
esources 
B
one 
Population 
Sam
ple 
size 
Sex 
A
ge 
N
o. of 
M
easurem
ents  
SE
E
 
TSH
 or 
Estim
ated 
stature 
G
iurazza 
et al. 
2012 
Living 
population 
(C
T ) 
Skull &
 
fem
ur 
Italian 
200 
100 m
ales     
100 fem
ales 
52-77 
Eight  
Percentage error: 2.9-
3.9%
 
Total skeletal 
height estim
ation 
A
lbanese 
et al. 
2016 
Skeletons &
 
Forensic 
A
nthropology 
D
atabank 
H
um
erus, 
radius, 
ulna, 
fem
ur &
 
tibia  
N
on-
population 
specific 
244 
Terry 
collection    
20 Fem
ales, 
124 M
ales 
136=(Forensic 
A
nthropology 
D
atabank)     
85= Lisbon 
C
ollection 
20-93 
Five  
M
ales: 4.446-5.863 
cm
 
Fem
ales: 3.022-5.377 
cm
 
G
eneric equations: 
4.224-5.919 cm
 
Estim
ated 
stature 
M
enéndez 
G
arm
endia 
et al. 
2018 
C
orpses 
H
um
erus, 
fem
ur &
 
tibia  
M
exican  
86 
56 m
ales         
30 fem
ales 
19-91 
Three  
M
ales: 3.80-4.51 cm
 
Fem
ales: 4.77-5.89 cm
 
Estim
ated 
stature 
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6.8. Potential equations for the application to skeletons of the contemporary 
Australian population 
Out of 66 articles, seven investigated diverse populations and provided equations 
as such. Four of the identified studies were based in South Africa. Bidmos provided 
equations using metatarsals, fragmentary femora and calcaneus in estimating stature 
for a South African of European Descent population. The fragmentary femora 
displayed highest correlation to stature with an SEE of 2.17-2.21cm for males and 
3.17-3.95cm females for the South African of European Descent (Bidmos, 2008). 
Following the fragmentary femora, the metatarsals produced an SEE of 4.10-5.07cm 
overall. The calcaneus showed an SEE of 4.90-5.11cm in males and 4.01-4.35cm in 
females. In 2007, Chibba & Bidmos (2007) provided equations using fragmentary 
tibia with an elevated SEE of 6.52-6.71cm for males and 5.20-5.94cm for females 
(Bidmos,2006, Bidmos, 2007, Bidmos, 2008). Dayal et al. (2008) constructed 
regression equations based on the long bones of South African Whites with an SEE 
of 1.92-5.54cm in males and 1.35-4.59cm in females (Dayal et al.,2008). 
Gwani et al. (2017) presented equations based on truncated and full foot lengths 
using x-ray. Although the population of the subjects were not included in the study, 
testing of these equations can be conducted on diverse populations. Gwani et al. 
(2017) presented an SEE of 3.93-4.30cm in males and 5.09-5.37cm in females 
(Gwani et al.,2017).  
One study conducted by Albanese et al. (2016) provided generic equations that 
is neither population or group specific (Albanese et al., 2016). The equations 
provided from this study are based on maximum bone lengths of the humerus, radius, 
ulna, femur and tibia. This study produced an SEE of 4.22-5.92cm for the generic 
equation provided. The equations detected from the scoping review that investigated 
diverse populations are listed in Table 6.8. 
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Table 6.8 Equations identified from the scoping review for diverse populations 
(continued onto next page) 
Author Bone measurements Equations 
Bidmos 
(2006) 
Calcaneus: 
Maximum length (MAXL) 
Cuboidal facet height (CFH) 
Load arm length (LAL) 
Body height (BH) 
Maximum height (MAXH) 
Middle breadth (MIDB) 
Dorsal articular facet length 
(DAFL) 
Dorsal articular facet 
breadth (DAFB) 
Minimum breadth (MINB 
Males 
(Univariate)  
1) 0.87(MAXL) + 84.65     
2) 1.50(BH) + 99.36     
3) 1.01(LAL) + 110.51     
4) 1.42(DAFL) + 113.41     
5) 0.80(MAXH) + 120.05     
6) 1.29(MIDB) + 103.48 
(Multivariate) 
1) 0.71(MAXL) + 0.83(BH) - 0.60(CFH) + 81.24     
2) 0.94(BH) - 0.57(CFH) - 0.35(DAFB) + 0.74(MAXL) + 
81.83     
3) 0.68(MAXL) + 0.77(BH) + 0.27(MINB) 0.66(CFH) + 
80.08     
4) 0.69(BH) + 0.64(MAXL) + 77.18     
5) 0.68(MAXL) + 0.85(BH) - 0.46(DAFB) + 78.25     
6) 0.76(MAXL) + 0.28(MAXH) + 80.66                                                                                      
Females 
(univariate) 
1) 1.25(MAXL) + 52.51     
2) 1.34(BH) + 99.34     
3) 1.65(MIDB) + 84.23     
4) 1.09(MAXH) + 99.64     
5) 1.24(LAL) + 94.41     
6) 1.93(DAFL) + 93.72 
(Multivariate) 
1) 0.78(BH) - 0.81(DAFB) + 0.99(MAXL) + 0.27(MINB) + 
54.32  
2) 0.90(MAXL) + 0.63(BH) + 0.35(MIDB) + 43.29 
3) 0.67(BH) + 1.00(MAXL) + 47.16  
4) 0.66(BH) + 0.98(MAXL) + 0.14(MINB) + 46.29  
5) 1.08(MAXL) + 0.50(MIDB) + 46.51 
Bidmos & 
Chibba 
(2007) 
Fragmentary tibia: 
Proximal breadth (PXBT) 
Distal breadth (DSBT) 
Length of superior lateral 
articular facet (LTCL) 
Breadth of superior lateral 
articular facet (LTCB) 
Length of superior medial 
articular facet (MTCL) 
Breadth of superior medial 
articular facet (MTCB) 
Males                                                                                                                                                       
1) (1.09PXBT) + 76.85 
2)  (0.09LTCB) + (1.12PXBT) + 78.02 
3) (0.42LTCL)- (0.30DSBT) + (1.03PXBT) + 78.48 
4) (0.44 LTCL) – (0.11LTCB) – (0.27DSBT) + (1.05PXBT) 
+ 78.94 
5) (0.45LTCL) – (0.1LTCB) – (0.2 MTCB) – (0.23DSBT) + 
(1.05PXBT) + 82.83 
6) (0.43LTCL)- (0.15LTCB)- (0.23MTCB) + (0.17MTCL)- 
0.25DSBT) + (1.06 PXBT) + 78.75                                                                                                                                
Females 
1) (1.50DSBT) + 79.53 
2) (1.22DSBT) + (0.48PXBT) + 59.17  
3) (0.73LTCB) + (1.01DSBT) + (0.44PXBT) + 47.62 
4) (0.94LTCB) – (0.33MTCB) + (0.99DSBT) + (0.47PXBT) 
+ 50.92 
5) (0.81LTCB) – (0.35MTCB) – (0.34MTCL) + 
(0.86DSBT) + (0.46PXBT) + 47.64 
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 Table 6.8 Equations identified from the scoping review for diverse populations 
(continued onto next page) 
Author Bone measurements Equations 
Bidmos 
(2008)  
Lengths of 
metatarsals 1–4 (M1–
M4) 
 
Functional length of 
the fifth metatarsal 
(M5F) 
 
Morphological length 
of the fifth metatarsal 
(M5P) 
SAED male 
(Univariate) 
1) 0.91M1 + 100.49  
2) 0.96M2 + 84.00  
3) 0.98M3 + 87.41  
4) 0.98M4 + 88.65  
5) 0.96M5F + 97.73  
6) 0.83M5P + 97.19  
(Multivariate) 
1) 0.71M2 + 0.31M5F + 83.69  
2) 0.58M2 + 0.31M5F + 0.17M5P + 81.90  
3) 0.78M2 - 0.50M4 + 0.47M5F + 0.28M5P + 82.61  
4)0.02M1 + 0.87M2 - 0.29M3 - 0.35M4 +0.49M5F + 0.30M5P + 
82.27 
SAED female 
(Univariate) 
1) 1.39M1 + 63.57  
2) 1.07M2 + 69.98  
3) 1.01M3 + 78.78  
4) 1.00M4 + 81.00  
5) 0.97M5F + 89.89  
6) 0.74M5P + 96.61  
(Multivariate) 
1) 0.81M1 + 0.53M2 + 60.32  
2) 0.84M1 + 0.65M2 - 0.16M5F + 59.92 
3)  0.85M1 + 0.59M2 - 0.38M5F + 0.22M5P + 61.92 
 
 
 
 
 
Bidmos 
(2008) 
 
 
Fragmentary femora: 
Maximum length of 
femur (MAXL) 
Upper epicondylar 
length (UEpL) 
Vertical neck 
diameter (VND) 
Epicondylar breadth 
(EpB) 
Bicondylar breadth 
(BCB) 
Medial condylar 
length (MCL) 
Lateral condylar 
length (LCL) 
 
Males                                                                                                                                                        
1) 1.31(LCL) + 72.32 
2) 0.82(UEpL) + 75.64  
3)  0.50(UEpL) + 0.80(LCL) + 55.63 
4)  0.53(UEpL) + 0.58(VND) + 0.58(LCL)) 0.22(EpB) + 63.68 
5) 0.49(UEpL) + 0.54(VND)+ 0.53(LCL) + 55.93  
6) 0.55(UEpL) + 0.56(VND) + 0.41(LCL) + 0.41(BCB)) 0.49(EpB) 
+ 61.07                                                                                                                              
Females                                                                                                                                                 
1) 1.26(BCB) + 56.96 
2) 1.42(LCL) + 61.88 
3) 1.21(LCL) + 0.38(EpB) + 48.83 
4) 0.67(BCB) + 0.79(LCL) + 52.00 
5) 0.37(BCB) + 1.03(LCL) + 0.17(EpB) + 47.07 
6) 0.40(BCB)) 0.21(VND) + 1.07(LCL)  
+ 0.23(EpB) + 45.43 
 
 
 
 
 
 Chapter 6: Results | Kajaal Prasad 
95 
 
Table 6.8 Equations identified from the scoping review for diverse populations 
(continued onto next page) 
 
 
 
 
 
 
 
 
Author Bone measurements Equations 
Dayal et 
al. (2008) 
Maximum length of: 
Humerus 
Radius 
Ulna 
Fibula 
Lumbar spine 
Tibia (including 
malleolus) 
Physiological length 
of femur 
Total skeletal height = intercept ± [bone length (cm) × slope]                                                              
+ standard error of estimate (SEE)                                                                                                   
Males 
1) 40.47 ± [lumbar spine + femur+ tibia x 1.19] + 1.95  
2) 39.92 ±  [ Lumbar spine + femur x 1.95] + 2.17  
3) 50.67 ± [Femur + tibia x 1.27] + 2.49 
4) 51.57 ± [Femur x 2.30] + 2.64 
5) 62.92 ± [Tibia x 2.49] + 3.16  
6) 58.00 ± [Fibula x 2.65] + 3.35 
7) 62.25 ± [Radius x 3.87] + 3.85 
8) 54.34 ± [Humerus x 3.10] + 3.76  
9) 63.85 ± [Ulna x 3.56] + 3.79 
10) 109.47 ± [Lumbar spine x 3.47] + 5.54 
Females 
1)  23.75 ± [Lumbar spine + femur+ tibia x 1.35] + 1.75  
2 ) 35.42 ± [Femur + tibia x 1.44] + 2.13  
3) 19.79 ± [Lumbar spine + femur x 2.25] + 2.13 
4 )34.69 ± [Femur x 2.64] + 2.40  
5) 47.36 ± [Tibia x 2.86] + 2.59 
6) 42.36 ± [Fibula x 3.06] + 2.75  
7 )64.45 ± [Radius x 3.77] + 3.38  
8) 55.58 ± [Humerus x 3.05] + 3.38 
9) 60.58 ± [Ulna x 3.67] + 3.54  
10) 84.18 ± [Lumbar spine x 4.59] + 5.21  
Gwani et 
al. (2017) 
Foot measurements 
Truncated foot length 
(TFL) 
Full foot length 
(FFL) 
Male                                                                                                                                                                   
1) 99.56 þ 2.70 x FL  
2) 84.73 þ 4.27 x TFL                                                                                                                    
Female                                                                                                                                                  
1) 62.30 þ 4.15 x FL                                                                                                                   
2)51.17 þ 5.98 x TFL                                                                                                                      
Overall                                                                                                                                                  
1) 70.89 þ 3.81 x FL 
2) 61.43 þ 5.43 x TFL  
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Table 6.8 Equations identified from the scoping review for diverse populations (continued) 
 
Author Bone 
measurements 
Equations 
Albanese et 
al. (2016) 
Maximum length: 
Humerus, radius, 
ulna, femur & tibia  
Males 
1) (0.348humerus) + 56.374 
2) (0.348radius) + 79. 850  
3) (0.383ulna) + 82.467 
4) (0.250femur) + 55.797  
5) (0.244tibia) + 78.999 
6) (0.100humerus) + (0.088femur) + (0.109tibia) + 56.423 
7) (0.137humerus) + (0.18femur) + 47.939 
8) (0.144humerus) + (0.162tibia) + 62.390 
9) (0.127femur) + (0.131tibia) + 63.094 
10) (0.252humerus) + (0.126radius) + 56.442 
11) (0.270humerus) + (0.114ulna) + 55.493 
Females  
1) (0.325humerus) + 55.405 
2) (0.380radius) + 73.232  
3) (0.389ulna) + 76.230  
4) (0.237femur) + 57.915 
5) (0.244tibia) + 73.895 
6) (0.082humerus) + (0.125femur) + (0.082tibia) + 52.024  
7) (0.099humerus) + (0.182femur) + 51.454 
8) (0.178humerus) + (0.149tibia) + 53.300 
9) (0.0165femur) + (0.089tibia) + 57.360  
10) (0.245femur) + (0.089tibia) + 57.360  
11) (0.265humerus) + (0.146ulna) + 48.101 
Albanese et 
al. (2016)            
(continued) 
 Generic equations 
1) (0.373humerus) + 47.493 
2) (0.429radius) + 63.174 
3) (0.465ulna) + 61.610 
4) (0.278femur) + 41.507 
5) (0.289tibia) + 59.745 
6) (0.145humerus) + (0.106femur) + (0.087tibia) + 40.582 
7) (0.145humerus) + (0.168femur) + 38.206 
8) (0.165humerus) + (0.147tibia) + 45.472 
9) (0.183femur) + (0.109tibia) + 43.790 
10) (0.264humerus) + (0.145radius) + 47.315 
11) (0.288humerus) + (0.132ulna) + 44.905  
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Chapter 7 : Discussion and Conclusions 
Stature is one of the big four biological characteristics (age, sex, race) used 
when identifying an individual in forensic anthropology. Estimating stature can assist 
in narrowing down the group of victims in an investigation.  There are two methods 
used to estimate stature: the mathematical method and the anatomical method. The 
mathematical method to estimate stature in forensic anthropology is primarily 
population specific. It involves the use of regression equations and bone(s) to 
estimate stature. Extensive research has been conducted to investigate the 
relationship between stature and measurements of various bony elements, which has 
been displayed using regression equations derived from them (Kamal and Yadav., 
2016, Gwani et al.,2016, Hasegawa et al.,2009).  
An issue with many stature estimation equations is that an individual must be 
allocated to a specific group including a combination of sex and race. With the 
growth in diversity in Australia, it is becoming increasingly difficult to apply group 
specific criteria when estimating stature to build an individual’s biological profile in 
forensic cases. This is mainly important when mutilated bodies or fragmented bones 
are found in forensic cases (Kamal and Yadav, 2016). 
 To overcome this issue, univariate and multivariate equations not consisting 
of racial boundaries are important. This would mean that an unknown individual 
would not need to be allocated to a specified group prior to estimating stature. The 
presence of a generic equation that could be applied to all individuals would allow 
quicker identification of individuals in diverse populations (Albanese et al., 2016). 
This study of a scoping review was set out with an aim to identify any existing non-
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specific population regression equations that could be applied to the skeletons of the 
diverse Australian population to assist forensic anthropologists in forensic cases.  
In the process of conducting the scoping review several challenges were 
encountered. Firstly, in the search strategy process the keywords from the title, 
abstract and the index terms that were used to describe the article were extracted. 
This produced over 3000 keywords and terms which raised the difficulty in finding 
the most effective combination of words for the second search. A research librarian 
was consulted several times to find the right combination of words for each database 
used for this scoping review. The finalization of the search strategy took a significant 
amount of time as various combinations of keywords were searched to view the 
articles that were being detected, many of which were not producing desired articles 
for the review. Due to the variation in content between different disciplines, scoping 
reviews that had been conducted in other fields were specified to cater to needs in 
that field only.  
7.1.  Trends and key identifiers in the last 50 years of stature estimation  
 
Overall, when looking at the 66 articles, the majority are population-specific 
looking to provide equations for specific populations. Figure 7.1 shows all the 
identified studies mapped on a world map. It is observable that a vast amount of 
studies is based in the Asia region with specific focus on Indian and Japanese 
populations. An important note is also highlighted in the world map of identified 
studies; no studies have been conducted in Australia using skeletal elements to 
estimate stature. 
There also has been a significant increase in the use of other methods such as 
computed tomography (CT), radiography, 3D volume rendering in comparison to the 
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traditional osteometric measurements to obtain direct bone measurements using 
osteometric board and vernier calipers. 
Figure 7.1- The origin of all 66 identified studies in the scoping review 
  The results of this study also indicate the growth in skeletal elements such as 
skull features, sternum, pelvis, calcaneus and teeth used to estimate stature with 19% 
of studies consisting of a combination of bones (Figure 7.2). As evident in Figure 
7.3, there has been an increase of studies being conducted exploring stature 
estimation over the last 50 years with 38 of the 66 studies being conducted in the last 
eight years in comparison to six studies between the period of 1989-1999. As a 
result, a total of seven articles were identified, five based in the Southern region of 
African, one in Nigeria and also one generic non-population specific equation 
formulated in Canada.  
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The identified equations should be tested on the contemporary Australian 
population to see whether population specific equations are needed in forensic cases. 
Figure 7.2. Bone elements used to estimate stature in identified studies 
 
Figure 7.3. Number of studies conducted in 10 year increments over 50 years  
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7.2.   Limitations and Implications  
This is the first scoping review of stature estimation in forensic anthropology. 
Due to the fact that no scoping reviews have been conducted previously, no 
comparisons can be made to previous work. It is, however, highly essential that 
forensic anthropological methods are reviewed so forensic anthropology in countries 
with diverse populations like Australia can develop and provide accurate 
identification methods. A scoping review of methods in forensic anthropology (sex, 
age and race) should also be completed to provide a basis of existing research 
available to potentially be applied to the Australian population. 
Limitations of this study include language, access and selection of articles. 
Firstly, a handful of studies investigating stature estimation using skeletal elements 
were published in other languages other than English. This is a limitation because 
these studies potentially could include regression equations that could be applied to a 
diverse population. Secondly, access to articles, some articles may not have been 
published on the databases searched to conduct this scoping review. Not all articles 
were also directly available. Lastly having one reviewer as part of the selection 
process means that only one individual had opinion on articles included in the study, 
potentially excluding relevant articles.  
As discussed in chapter three, there is limited skeletal collections in Australia 
as well as restrictions placed on access to skeletal data. There are other methods of 
obtaining bone measurements such as through CT, MRI and X-rays which was 
evident across many studies recruiting living individuals to estimate stature in other 
populations. To potentially overcome the issue of the lack of skeletal data in 
Australia, skeletal databases including CT, MRI and X-rays of living individuals and 
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mortuary settings around Australia could provide a source to develop Australian 
standards in forensic anthropology.  
Future work needs to be done by testing the seven identified equations from 
this study on skeletons of the contemporary Australian population. The testing of the 
equations will establish just how effective and accurate they are in estimating stature 
when used in an Australian setting. The impact of the testing will provide usable 
equations for forensic groups in Australia, assist in clearing cold cases in Australia 
due to insufficient Australian standards. 
Currently, many Australian forensic anthropologists are faced with 
limitations due to racial limitations in methodologies. The identification of equations 
will assist forensic anthropologists with quicker identification of skeletal remains, 
particularly with elevated natural disasters, accidents, terrorism and crime rates 
resulting in increased fatalities in Australia. Forensic cases in Australia, such as the 
“Angel” murder case in 2010 at Belanglo State Forest can be solved much more 
rapidly. The reduction in the time and increase in accuracy in identification of 
skeletal remains will provide closure to individuals of the community who have 
missing family members.  
This study was set out with an aim to map literature of existing stature 
estimation studies using skeletal material, identify stature estimation equations using 
skeletal remains and view which equations could potentially be applied to the diverse 
populations for the application on Australian case studies and to also evaluate the 
usefulness of the equations through assessing standard error of estimates. This study 
highlighted the lack of stature estimation equations using skeletal elements present in 
Australia, highlighting the slow development of Australian standards in forensic 
anthropology. A total of seven sets of stature estimation equations were identified 
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that were based on diverse populations. As a forensic anthropologist in Australia or 
any other multicultural nations, the following equations outlined in Table 6.8 can 
possibly be used to estimate stature in forensic cases, but should be used with 
caution.  
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